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% : The development of television technique has 
_ from the very beginning aroused considerable 
interest. It has been particularly the methods 
_ of recording and reproducing the pictures which 
- have attracted the most attention and which 
~ have been dealt with in many technical and 
popular treatises. The problem of trans mit- 
_ ting the electrical signals into which the pic- 
ture is translated was usually less well described, 
_ since in principle the wireless transmission of 
signals was already familiar from broadcasting 
_.and therefore provided no new technical sen- 
_ sations. In this periodical also the subject has 
only been mentioned incidentally, while studio 
equipments and receivers have repeatedly been 
dealt with elaborately '). Notwithstanding all 
this, the actual transmitting apparatus of a 
television installation has its own specific pro- 
_ blems which arise from the great width of the 
_ frequency band which must be faithfully trans- 
mitted as far as amplitude and phase are con- 
cerned, and from the short wave length connec- 
ted with the former on which the transmitter 
must work. In the following article, in which 
| ie Philips Techn. Rev. 1, 16, 1936(An experimental 
television transmitter and receiver); 1, 321, 1936 
(Television); 2, 33, 1937 (A television receiver); 2, 
_ 72, 1937 (Television system with Nipkow 
disc); 2, 249, 1937 (The enlarged projection of 
levision pictures); 3, 1, 1938 (A transportable 
evision installation); 3, 285, 1938 (Television 
h Nipkowdise and interlaced scanning); 4, 
42, 1939 (The Nipkow disc); 4, 342, 1939 
_ (Television: receivers). 


by M. VAN DE BEEK. 


A NINE-KILOWATT EXPERIMENTAL TELEVISION TRANSMITTER 


621.397.6 


While in the case of a broadcasting transmitter the modulation spectrum 
has a width of only a few ke/sec, the spectrum of the video-frequency signals 
with which the carrier wave of a television transmitter is modulated occupies 
a region several Me/see in width. This fact, as well as the related fact that 
a television transmitter must work on very short wave lengths, causes the 
transmitting apparatus of a television transmitter to differ considerably in 
many respects from that of a broadcasting transmitter. The description here 
given of the powerful experimental television transmitter in Eindhoven 
attempts to present these differences clearly. Following a short description 
of the excitation of the carrier-wave frequency (wavelength 7 m) a detailed 
discussion is given of the method of modulation, the dimensions and con- 
struction of the output stage, which contains two water-cooled pentodes type 
PAW 12/15 and furnishes a maximum power of 9 kW to the transmitting 
aerial, as well as several particulars of the modulator. 


we shall describe the experimental television 
transmitter in Eindhoven, this will become quite 
clear. 

The transmitter in question originated from 
the experimental television transmitter which 
was developed here in 1935 2) and which fur- 
nished an output of several hundred watts. The 
output has been increased to approximately 9 
kW (maximum output radiated by the aerial). 


Survey of the complete transmitter 


In fig. 1 the electrical structure of the whole 
is represented in the form of a block diagram. 
The carrier-wave frequency is derived from the 
oscillation of a plate of quartz crystal which 
vibrates at a frequency of 5.4 Mc/sec (wave. 
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Fig. 1. Block diagram of the television transmitter. 


O crystal oscillator, B buffer stage, D,D,D, frequency 
doubling stages, V, high-frequency amplifier stage, 
E output stage, K cable from studio, V, video-fre- 
quency amplifier, M modulator, A aerial. 


2) J. van der Mark, An experimental television 
transmitter and receiver, Philips Techn. Rev. 1 
16, 1936. 
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length 56 m). In a number of amplifier stages, 
which at the same time serve partially as fre- 
quency doublers, the high-frequency output is 
increased to about 100 W, at the desired wave- 
length of 7 m. The following amplifier stage 
furnishes the power necessary for the excitation 
of the large water-cooled transmitter valves 
which are included in the output stage. This 
output stage, in which at the same time the 
video-frequency signals furnished by the studio 
are modulated on the carrier wave, delivers to 
the transmitting aerial a maximum energy of 


9 kW. 


Oscillator and frequeney-doubling stages 


By the employment of a quartz plate cut 
from a quartz crystal along a so-called tempera- 
ture-insensitive plane, a very constant carrier- 
wave frequency is obtained without it being 
necessary to place the oscillator stage in a 
thermostat. There are two reasons why the 
excitation of the desired carrier-wave frequency 
is begun with a quartz plate which vibrates 
with a much lower frequency. In the first place 
it is practically impossible to make quartz plates 
for wavelengths shorter than about 20 m, since 
they become too thin. In the second place 
with an initial wavelength which is not too 
short it is much easier to attain a satisfactory 
amplification, so that fewer amplifier stages 
are needed than when the oscillator stage already 
operates on 7 m. 

In order to prevent loading variations in the 
last stages, due for instance to the modulation, 
from reacting on the oscillator stage (and there- 
by on the carrier-wave frequency), the first 
amplifier stage is constructed as a buffer stage, 
v.e. the control grid of the amplifier valve in 


Fig. 2. Diagram of the connections of the doubling 
stages. The two valves are excited in opposite phase; 
the anodes are connected in parallel. The anode circuit 
_ is tuned to a frequency twice as high as that of the 
» grid circuit. In order to give the free end of the anode 
circuit as constant a potential as possible, 7é.e. one 
which varies as little as possible at a high frequency, 
with the very short waves used here a connection 
with earth is not suitable, since the long connection 
wires may have considerable impedances for these 
waves. Therefore the anode circuit is connected here 
with the mutual connection of the screen grids of 
the two valves, which, with the valves used, leads also 
to a very simple structural solution, since anode 
and screen grid leads are placed at the top of the 
valve envelope. : 
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question is given such a high negative bias as 
to prevent flow of grid current, so that there is 
practically no load on the oscillator stage. This is 
in contrast to the ordinary situation in transmitter 
stages, where in order to attain a reasonable 
efficiency the grid voltage is chosen so that grid 
current shall flow. 

Each frequency-doubling stage contains two 
valves which are connected in the manner 
shown in fig. 2. Each valve, since it operates 
in Class C arrangement, only furnishes anode 
current during less than half a period of the 
excitation voltage. Since the control grids are 
excited in opposite phase, where as the anodes 
are connected in parallel, an anode current 
of the form shown in fig. 3 is obtained. The 
fundamental frequency of this current,, which is 
filtered out by the tuned anode circuit, is double 
the frequency of the excitation voltage. In this 


Fig. 3. Grid voltage (thin line) and anode current 
(heavy line) of the frequency-doubling stage. The full 
drawn lines are for one valve, the broken lines for 
the other. The total anode current has a fundamental 
frequency twice as high as the grid voltage. 


way the desired doubling of the frequency is 
obtained with the relatively high efficiency of 
about 55 percent. A pleasing property of the 
chosen system of amplification with frequency 


doubling is that, due to the difference between 


the frequencies of input and output voltage, 
no reaction is possible and therefore no self 
generation of the frequency-doubling stages 
can occur. 


Preliminary considerations in the design of the 


output stage 


In order to discuss the connections and dimen- 
sions of the other transmitter stages, particu- 
larly the output stage, it is desirable first to go 
back to the video-frequency signal as it is sen 
from the studio to the transmitter. are 

When n pictures per second are transmitted, 
each having N lines, while the ratio of width 
to height of picture is b/h, the lowest modulation 
frequency *) occurring is fmin = n c/sec, the 
highest fmax = 1/, n.N? b/h c/sec. In our case 
nm = 25, N = 405 and b/h = 1.2, so that one 
must count on modulation frequencies between 
25 c/sec and 2.5 Mc/sec. When this video-fre- 
quency spectrum is modulated on a carrier wave 
there occur, in addition to the carrier-wave 


frequency, two side bands, each 2.5 Me/sec _ 
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in width (fig. 4). From the point in the trans- 
mitter where the carrier wave is modulated 
up to and including the aerial the connections 
must therefore have a transmitting region 


| 
TM | iii f 
L¢ ~2,5M per/sec | Jo + 25M per/sec 


To 9/338 


Fig. 4. Frequency spectrum of the carrier wave 
modulated with the video-frequency signal. 


(band width) of at least 5 Mc/sec. This condition 
is made more imperative by the fact that all the 
vibrations within the frequency band mentioned 
must not only be transmitted in the correct 
amplitude relations, but also, in contrast to 
broadcasting transmitters, in a certain relative 
phase: the phase shift must vary linearly with 
the frequency so, that no relative displacement 
of points in the picture and thus distortion may 
occur. Since in every case such a linear relation 
between phase and frequency can only be ob- 
tained for phase angles which are not too large, 
the last requirement mentioned comes down to 
the condition that the phase rotations must only 
be very small °). 

What consequences has this for the connec- 
tions ? 

In the first place the requirement relating to the 
phase rotation implies that no band-pass filters 
can be used for the realization of the wide trans- 
mission region, since with such filters large phase 
shifts always occur. Recourse must therefore be 
had to single circuits, which may be represented 
by the diagram of fig. 5: a loss-free self-induc- 
tion L and capacity O, with a loading resistance 
R. This loaded circuit is connected with a source 


Fig. 5. Diagram of loaded tuned circuit. 


8) A similar requirement is encountered in carrier- 


wave telephony, where wide frequency bands are 
also used; see for example F. de Fremery 
and G. J. Levenbach, Carrier-wave tele- 
phony on coil-loaded cables, Philips Techn. Rev. 
4, 20, 1939. If the requirement of linearity is 
satisfied no ‘‘phase distortion’? occurs, but the 
signal has a certain transit time which may 
sometimes be quite long. While in carrier-wave 
telephony certain limits must also be set to this, 
the finite transit time is no objection at all in 
television. 
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of constant alternating current i (a pentode 
for instance). The impedance Z Vict of the 
circuit, which in this case represents the beha- 
viour of the voltage V on the circuit, is drawn 
in fig. 6 (for certaln values of L, C and R) 
according to magnitude |Z| and phase g, as a 
function of the frequency. If for the outermost 
side-band frequencies we allow a fall in the 
amplitude from 1 to 1/1/2, a frequency region 
of the width 


1 
9 ft =— a 
Af OF aR Cig ees ae (1) 
around the resonance frequency fy = */2 4/LC 


is found to be useable. In this frequency region, 
according to fig. 6b, the phase remains below 


Fig. 6. a) Absolute value |Z| and 6) phase @ of the 
impedance of a tuned circuit according to fig. 5, as 
a function of the frequency f. For the circuit elements 
the following values are here assumed: L = 0.395 
pH, C = 31.8 pF, & = 1000 ohms. 


45° and varies practically linearly with the 
frequency. 

In order to give the circuit the desired great 
band width of 24f = 5 Me/sec, according to 
eq. (1), R and/or C must be made very small 
(a decrease in C must be accompanied by an 
increase in L, in order that the resonance fre- 
quency may remain in its place). Now C cannot 
be made arbitrarily small, because even when 
no capacity at allis introduced into the circuits — 
the capacities of the transmitting valves in 
parallel always act over them. In push-pull 
connections of two medium-sized valves there 
is in this way always a capacity of at least 


30 pF. The result is that in order to obtain 
the required band width the resistance R may 
not be made larger than 1/427 A/C ~ 1000 ohms. 
This is very unfortunate, since the power output 
of the transmitter valve, of which the circuit 
forms the load on the anode, is proportional to 
R within certain limits. 

If there are several modulated stages the 
total frequency characteristic of the transmitter 
is obtained by multiplying the amplification 
factors of all the modulated stages with each 
other at each frequency, and adding up the 
phase rotations. Therefore, for each separate 
stage, a stricter criterion than the above must 
be chosen for the useable band width, so that 
for each of these stages the anode impedance 
must again be considerably lower. It is therefore 
clear that a television transmitter should always 
be modulated in the output stage. For a given 
output of the transmitter one then obtains 
on the one hand a higher efficiency and output 
from each of the preliminary stages, so that the 
number of such stages may be smaller, while 
on the other hand the output stage may still 
retain a relatively high anode impedance and 
thus this stage, which is the most expensive one 
as far as valve and current consumption are 
concerned, can operate with the greatest possible 
efficiency. 


Since the quality factor @ of a resonance circuit 
may be written as Q@ = f,/24f, a great band width 
is always accompanied by a poor quality factor (poor 
building up), so that doubt may arise whether the 


introduction of the self-induction for the tuning of 


the anode circuits is actually worth the trouble. The 


_ tuned circuits do, however, justify their use for the 
‘suppression of the harmonics of the carrier-wave 


frequency — in our case, where fy) = 43.2 Me/sec 
and 24f = 5 Mce/sec, the second harmonic is attenua- 
ted to about 1/20 and the third to about 1/30 — and 
to prevent the video-frequency signals from reaching 
the aerial directly, which would cause radio inter- 
ferences in a wide region around the television trans- 
mitter on all wavelengths above 120 m. 


Let us now consider the choice of a modulator 
system. Should the carrier wave be modulated 
by variation of the anode voltage or of the grid 
voltage of the output stage? Grid voltage mod- 


ulation is generally employed in television 


transmitters for the following reasons. In the 


first place, from the point of view of simplicity 
_ of construction, grid modulation is preferable, 
since with anode modulation a very large mod- 
_ ulation power is needed because of the high 
anode voltages of the output stage. This leads 
_to a large and expensive modulator for the 
_ necessary wide modulation spectrum. In the 
second place, and this is even more important, 
_ with grid modulation the synchroniza- 
tion impulses can be better transmitted, 


_ While all the gradations of brightness of the 
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picture to be transmitted are transmitted by 
varying the carrier-wave amplitude between 
30 and 100 percent, each synchronization im- 
pulse consists of a short-lived suppression of the 
carrier wave (fig. 7). With anode modulation 
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Fig. 7. a) Variation with time of the video-frequency 
signal, schematically. b) Variation with time of the 
high-frequency signal emitted by the television trans- 
mitter. (The line synchronization signals are omitted 
for the sake of simplicity). 


the anode voltage may indeed become equal to 
zero during the synchronization impulses, but 
in spite of this, due to the induction effect, a 
certain anode alternating current continues to 
flow 4) and there is still, therefore, some radiation 
by the aerial. With grid modulation, on the 
other hand, it is possible to make the control- 
grid voltage so strongly negative at those im- 
pulses that the output valve passes absolutely 
no anode alternating current. Sharper synchron- 
ization signals are thus obtained and thereby 
a more reliable functioning of the receiving sets. 

It is in fact less easy with control grid modu- 
lation than with other methods of modulation 
to realize a strictly linear modulation 5) (7.e. a 
linear relation between carrier-wave amplitude 
and momentary value of the modulation vol- 
tage). In the case of a television transmitter, 
however, this is much less important than in 
the case of a broadcasting transmitter, since 
the eye is much less sensitive to non-linear 
distortion than the ear. It is a familiar fact that 


large distortions in the rendering of brightness — 
gradations, for instance in photography, can 
be tolerated without producing an “unnatural” 


impression on the eye. | 


4) See Philips Techn. Rev. 1, 176, 1936. 
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°) See J. P. Heyboer, Five-electrode transmit. 


ting valves, Philips Techn. Rev. 2, 257, 1937. ' 
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Dimensions of the output stage 


The output stage contains two water-cooled 
pentodes, type PAW 12/15, in push-pull connec- 
tion (these are the largest pentodes made). As 
, was explained above, the capacity of the anode 
circuit must be made as small as possible. In 
anticipation of the description of the construc- 
tion to be given below, it may be stated that 
this capacity could be limited to 32 pF. Accor- 
ding to eq. (1) an anode loading with an impe- 
dance of about 1000 ohms is then permissible 
to obtain the desired band width. 

In order to develop as much high-frequency 
energy as possible in this anode impedance, 
which is very low compared with broadcasting 
transmitters, the anode current must be modu- 
lated as much as possible, preferably to satu- 
ration. What anode DC voltage, excitation vol- 
tage and modulation voltage must be chosen 
for this, and what output can be obtained? 

The valve PAW 12/15, with a normal tungsten 
filament for 22 V, 80 A, has an emission of 
11 A. This, however, is not fully available, 
since, in addition to the anode, the control 
grid and the screen grid also require their part 
of it. If on the basis of experience we reserve 
1.75 A for the control grid current and 0.75 A 
for the control grid peak current, there remains 
available for the anode peak current J 8.5 A. 
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_ Fig. 8. Variation of the grid voltage of the output 
stage with control grid modulation. High-frequency 
excitation voltage and video-frequency modulation 
-_-voltage are superposed in such a way that at the peak 
adjustment (completely white picture, point A) the 
Be alve just operates in class B (grid bias equal to 
- overbiasing voltage), and that the carrier wave 1s 
suppressed (peak of excitation still below overbiasing 
voltage) during the synchronization impulses (point B). 
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In order to obtain as linear a modulation as 
possible in both valves in push-pull connection, 
the control grid modulation is so effected that 
upon: adjustment to the largest carrier-wave 
amplitude (completely white picture) the valves 
just operate in ‘class B’’, i.e. the control grid 
DC voltage is equal to the overbiasing voltage, 
see fig. & In this way at this peak adjustment 
(A) the anode current takes on the form indi- 
cated in fig. 9. The first harmonic, with which 


Fig. 9. Form of the anode current in one valve of the 
output stage, at the peak adjustment. The available 
emission permits a peak value of 8.5 A; first harmonic 
4.25 A, average value (anode direct current) 2.7 A. 


Wwe are concerned, has, as the Fourier 
series shows, the amplitude J/2 = 4.25 A. Now 
the action of the push-pull connections may 
be conceived as if each of the two valves were 
loaded with half of the anode impedance, 7.e. 
500 ohms. The power contributed to this by 
the anode alternating current amounts to 
1/,- 4.25%. 500 = 4.5 kW. Thus at the peak adjust- 
ment the two valves give a total output of 9 
kW. Since only in the case of a completely 
white picture do the valves operate at this peak 
adjustment, and with entirely black picture 
the carrier-wave amplitude is adjusted to 30 
percent of the maximum, the average out- 
put radiated amounts to about 3 kW. 

It is further evident from the above that the 
anode AC voltage at the peak adjustment 
amounts to 4.25 x 500 = 2125 V. Since it is 
known from the static J,-V, characteristics of 
the valve PAW 12/15 that the momentary 
value of the anode voltage may not be lower 
than about 2600 V, the anode DC voltage must 


be taken approximately equal to 4750 V. Since | 


for a current of the form shown in fig. 9 the 
anode DC I/a = 2.7 A, a DC power of 4750 X 2.7 
= 12.8 kW is applied to each valve. The differ- 


ence between this power applied and the out- — 


put, i.e. 12.8—4.5 = 8.3 kW, is dissipated in 
the valve. The permissible dissipation (12 kW) 
is thereby by no means exceeded. The efficiency 
of the anode at the peak adjustment is 100 x 
4,5/12.8 = 39 percent. 


The fact that the output of the valve in our case 
is limited by the emission of the filament, and not, 
as is often the case in broadcasting transmitters, 
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by the permissible dissipation, 18 directly connected 
with the great band width required, and the small 
anode impedance thus necessary. With larger anode 
impedance the calculated current would result in a 
higher anode AC voltage, as a result of which the 
anode DC voltage would also have to be chosen higher. 
The power applied would then increase, and it would 
increase more rapidly than the power output, so that 
also the dissipation would quickly approach the per- 
missible limit and a limitation of the anode current 
would finally become necessary. At the same time 
the voltage modulation, which in our case is only 
2125/4750 0.45, then approaches the more normal 
values in the neighbourhood of unity (see the article 
referred to in footnote °). 


Let us now calculate the required excitation 
power of the output stage. The average slope 
(static and dynamic) of the valve PAW 12/15 
is about 6 mA/V. Thus for the two valves in 
push-pull connection we need a grid AC voltage 
with the peak value 8.5 A: 6 mA/V = 1400 V. 
In modulation the total grid voltage will vary 
as in fig. 8, from which with the help of the 
characteristics it may be deduced that the aver- 
age grid current at the peak adjustment will 
amount to about 300 mA. The theoretically nec- 
essary excitation power for the two valves 
together is therefore 2 x 0.3 x 1400 = 850 
watts. However, due to the finite transit times 
of the electrons °) an extra grid damping occurs, 
as a result of which the excitation power is 
increased to about 1125 W. Moreover, it is 
necessary that during the modulation when the 
grid current is varying, the excitation power 
should remain constant. Since this is only 
possible with not too great loading fluctuations 
of the stage which furnishes the excitation 
voltage, the latter must be given a constant 
initial load independent of the grid current 
of at least the same magnitude as the excitation 
power, by means of grid damping resistances. 
This stage must therefore be able to deliver 
2250 W of high-frequency power. This is ob- 
tained by means of four valves type PB 3/800 
two by two in push-pull connection, each of 
which can deliver 625 W on 6.5 m. This stage 
itself in turn requires 4 x 25 = 100 W modu- 
lating power, which is furnished by the preced- 
ing frequency doubling stage (see the diagram 
of fig. 2). 


Construction of the output stage. 


- The capacity of the anode circuit of the 
output stage, when no extra capacity at all is 
added, consists not only of the unavoidable 
grid-anode capacity of the two valves PAW 
12/15 connected in push-pull, but also of various 
parasitic capacities: that between the two 
water-cooled anode jackets of the valves, be- 
°) See for example the article referred to in foot- 


note’); also Philips Techn. Rev. 6, 129, 1941, 
footnote!®), ; 
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Fig. 10. The anode circuit of the output stage con- 
tains a capacity which is composed mainly of the 
anode-grid capacities C, of the two valves in series, 
the capacities C, between each anode cooling jacket 
and earth, in series, and the capacity C3; between 
the two anode cooling jackets. 


tween the cooling jackets and earth, etc. (see 
fig. 10). By placing the valves as shown in 
fig. 11 at a good distance from each other and 


Fig. 11. Part of the output stage. The two water- 
cooled pentodes PAW 12/15 are mounted on glass 
columus G.L = Lecher system, which functions 
as self-induction and is tuned with the short-circuiting 
bridge B. At 1 and 2 the supply line is tapped off 
which conducts the high-frequency energy via the 
high-voltage coupling condensers C to the aerial. 
In order to be able to use the wires of the Lecher 
system, which are constructed in the form of tubes, 
for the inlet and outlet of the cooling water for the 
anode jackets, this system is built up of two identical 
parts in parallel. For the sake of simplicity the taps 
are placed on one part and the short-circuiting bridge 
on the other. K, and K, cathode supply, H lead for 
the excitation voltage with carbon filament lamps R 
serving as grid-damping resistance, M lead for the 
modulation voltage. Between the two valves may be 
seen the elements for the series tuning of control grid 
and screen grid circuit. 
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at a generous height above the earthed base 
plate by means of long glass columns, these 
capacities could be reduced to the values given 
in fig. 10 and in this way the total circuit capa- 
city to the value of 32 pF already mentioned. 

The self-induction of about 0.4 wH required for 
the tuning to the desired carrier-wave frequency 
(43.2 Mc/sec) is realized by a short Lecher 
system connected with the anodes and tuned 
by means of a short-circuiting bridge 7). Be- 
cause of the fact that the distance apart of the 
Lecher wires must be sufficiently small, the 
two valves could not be placed any farther apart. 
The Lecher wires are in the form of tubes 
which serve at the same time for the inlet and 
outlet tubes for the cooling water for the anode 
jackets. 

The load on the output stage is formed by 
the impedance of the transmitting aerial, which 
is coupled with the anode circuit via a supply 
line. Since the supply line is terminated at the 
aerial end by its wave resistance in order to 
avoid reflections, considered from the anode 
circuit end, it also has an impedance equal to 
the wave resistance, which amounts to 425 ohms. 
Since, however, according to the above, the 
circuit may be loaded with 1000 ohms, the sup- 
ply line is connected by a ‘‘tap” onthe Lecher 
system. In order to prevent the high DC voltage 
of the anode from reaching the aerial, two mica 
coupling condensers are inserted in the supply 
line. These details are represented diagramma- 
tically in fig. 12; the practical construction is 
shown in fig. 11. 


Fig. 12. Diagram of the practical construction of the 


output stage. At M the modulation voltage is applied, 
at V;, the excitation voltage. In all three grid circuits 
series tuning is introduced. L Lecher system, B 
short-circuiting bridge, C coupling condensers in the 
supply line to the aerial A. 


Further particulars of the connections are the 


following. The two screen grids of the valves 


in push-pull connection are not connected 
directly with each other, but between them a 


tuning arrangement in series is introduced 


(see fig. 12). This was necessary since otherwise, 


7) The fact that a Lecher system whose length 


is less than !/, wavelength behaves in the main 

as a self-induction is explained in C. G. A. von 
-Lindern and G.de Vries, Lecher systems, 
Philips Techn. Rev. 6, 240, 1941. 
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due to the impedance of the external and inter- 
nal connection wires, which cannot be ignored 
at these short wavelengths, high-frequency 
voltage still continued to act on the screen grids, 
so that they would not have fulfilled their pur- 
pose. With the control grid circuit the case 
was nearly the same. The internal capacities 
of this circuit are so large that even a direct 
connection of the grid terminals still possesses 
too much self-induction to give the desired high 
resonance frequency. Here also tuning in series 
was applied, and in this case the circuit capacity 
was so reduced by a series condenser that the 
self-induction necessary for the tuning took on 
a reasonably large value, so that a coil could be 
used, which at the same time makes possible a 
satisfactory coupling with the preceding stage. 

The filaments are fed with AC voltage from 
the mains. In order to limit the hum percentage 
in the output signal, however, for the feeding 
of the filaments of the two valves in push-pull 
connection two voltages with a relative phase 
shift of 90° were used. In fig. 11 the two pairs 
of supply lines for this cathode feed may be 
seen to the left and right of the valves. 


Dimensions and connections of the modulator 


As we have already seen above, the largest 
carrier-wave amplitude is obtained by making 
the average control grid voltage equal to the 
overbiasing voltage of the valves (point A in 
fig. 8), while for the synchronization impulses 
the carrier wave must be entirely suppressed 
by making the average control grid voltage 
sufficiently negative (point B in fig. 8). From 
this it follows that the peak value of the modu- 
lation voltage must be equal to the amplitude 
of the excitation voltage, for which we found 
a value of 1400 V. ae 

In order to give the modulator the necessary 
band swidth,-(from 25 to <P ae = 2.0 LOS 
c/sec) attention must again be devoted to a 
relation similar to eq. (1), 7. e. the loading 
impedance R must be smaller than 1 sth nx ye 
The modulator is loaded by the grid circuit 
of the output stage, which circuit contains in 
parallel the grid-cathode capacities of the two 
valves in push-pull connection. In our case this 
is a total capacity or 116 pF. The anode impe- 
dance of the modulator may not therefore 
amount to more than R = 10/116 - 27+ 2.5- 
106 = 550 ohms. Since with the prescribed voltage 
the power is inversely proportional to R, this 
makesit necessary to havea large video-frequency 


8) See for example the discussion of a broad-band 
amplifier in J. D. Veegens, A cathode-ray 
oscillograph, Philips Techn. Rev. 4, 198, 1939. 
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powe (more than 1500 W). This is obtained with 
two valves type PB 3/800 connected in parallel. 

Since the video-frequency signal which comes 
from the studio amounts to only I volt across 
the wave resistance of 1000 ohms with which the 
connecting cable is terminated at the trans- 
mitter end, a number of amplifier stages must 
precede the modulator. In order to do with 
as few stages as possible, valves with the steep- 
est possible slope were chosen, while in several 
stages two or even three valves were connected 
in parallel. The advantage in steepness gained 
by this means is of course partially compensated 
by the fact that the input and output capacities 
become correspondingly greater, so that the 
loading resistance of the stages in question had 
again to be reduced. 

We shall not go into detail here about the 
further particulars of the pre-amplifier, such 
as measures for suppressing tendencies to gener- 
ate, for improving the phase reliability at 
the low frequencies, for the suppression of 
interferences by mains voltage variations etc. 
One important difference, however, between 
the video-frequency modulator and the audio- 
frequency modulator in broadcasting transmit- 
ters will be discussed in somewhat more detail. 

In contrast to the AC voltages which are 
used to transmit speech or music, the video- 
frequency AC voltages which are delivered by 
the iconoscope have an average value which 
differs essentially from zero. The magnitude of 
this average value (DC voltage component) is 
in fact a measure of the average brightness of 


the picture. Actually, therefore, the video-fre- 


quency amplifiers in the studio as well as in the 
transmitter should be constructed as DC ampli- 
fiers. There are, however, many objections to this 


in connection with the broad spectrum and the 


high power finally necessary. Therefore in the 
case of television transmitters, the DC voltage 


component is usually filtered out in the studio 
amplifier, so that all the remaining amplifier 


stages can be constructed as AC amplifiers, 


_ and only at the input of the last amplifier stage 
_ (v.e. the modulator stage proper) is the DC vol- 


4 _ tage component applied again. The modulator 


stage itself is therefore constructed as DC am- 
_ plifier and connected with the output stage of 
_ the transmitter in the manner shown in fig. 13. 
_ In this way all the sources of supply (also those 
___ of the filaments) of the transmitter output stage 
are at the positive anode voltage (about 1500 V) 
penOr. the modulator with respect to earth, which 
necessarily leads to a somewhat unusual con- 
struction of the supply installation. 


As regards the final application of the DC 


: voltage component in the modulator stage, that 
_ component can be transmitted through a sepa- 
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rate cable from the studio to the transmitter, 
as is indeed done in certain transmitters. In 
the case of the transmitter in Eindhoven, how- 
ever, a much simpler but nevertheless very 


AIS45 


Fig. 13. The modulator stage (M) is constructed as 
a DC amplifier in order to be able to apply the DC 
voltage.component of the video-frequency signal to 
the grid of the transmitter output stage (H#). As a 
result all the sources of supply of the output stage 
are at the positive anode voltage of the modulator 
with respect to earth. 

B, screen-grid supply, modulator, B, anode supply, 
modulator, B, source of grid bias, output stage, B, 
screen grid supply, output stage, B; anode supply, 
output stage. 


satisfactory method is applied. In fig. 14, the 
variation of the grid voltage v, of the modula- 
tor stage, as it is desired is represented for a 
completely white, a completely black and any 
given picture. The differences in the DC voltage 
component with the different types of picture 
may be seen. If we apply this signal without 
the DC voltage component to the modulator 
stage with the help of the normal grid condenser, 
while the modulator stage is given a fixed con- 
trol grid bias vg,, the grid voltage for a complete- 
ly white and a completely black picture would 
have the form drawn in fig. 15. Instead of this, 
however, we can also obtain the desired form 
according to fig. 14if instead of giving the modu- 
latora fixed grid bias, we give it a bias which 


-can be derived from the incoming signal itself with 
the help of the grid condenser C, and a leakage 


la 


a) ‘ 


Fig. 14. The desired form of the signal on the grid 


of the modulator stage, a) for a completely white 


picture, 6) for a completely black picture, c) for any 
given picture. The differences in the DC voltage 


component (v9) may be seen, and in case (c) they 


may also vary within a picture. (The line synchroni- 
zation signals are again omitted.) 
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resistance ,. The bias then adjusts itself auto- 
matically so that the voltage peaks reach just 
to the region of the grid currents (v,, © 0). Care 


ia 


4/348 


Fig. 15. Signal on the grid of the modulator stage, 
as it would be obtained upon suppression of the DC 
voltage ocmponent and with a fixed negative grid 
bias a) for a completely white, 6) for a completely 
black, picture. 


must be taken however, that the bias thus obtai- 


ned can be altered rapidly enough to follow - 
- any variations of the average brightness in the 


picture. ‘Rapidly enough” means that the 
picture is divided, for instance, into four strips 
parallel to the direction of the lines and the 
average brightness is correctly reproduced for 
each of these strips. Now the. possible velocity 
of variation of the bias is higher, the smaller 
the product R&,C,. This product may not, how- 
ever, become too small, sinceotherwise the lowest 
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of 


modulation frequencies are not faithfully trans- 
mitted, for a lowest modulation frequency of 25 
c/sec R,C, must be equal to 0.4, while in order 
to follow the fluctuations of the average bright- 
ness a value at least 20 times as small is required. 
This difficulty could be solved by introducing 
a second circuit after C,R, in the manner indica- 
ted in fig. 13, with a small C, and a large R, 
(R, = 100 R,) of which the product 2£,0, 
amounts to only about 0.01. This circuit has 
practically no effect on the transmission of the 
video-frequencies; the grid bias, however, can 
now be considered to consist of the practically 
constant contribution of the average voltage 
over #, and the contribution of the sufficiently 
rapidly varying average voltage over R&,. The 


latter assumes the correct value at every mo- 


ment due to the fact that at the voltage peaks 
grid current flows for a moment. Since the ad- 
justment will be more exact, according as the 
current in the grid circuit grows more rapidly 
upon the approach of the grid voltage to zero 
(it already begins to flow at a certain negative 
grid voltage), a small diode is connected between 
grid and cathode as indicated in fig. 13, which 
diode begins to pass current as soon as its anode 
voltage has nearly become positive. 
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THE INFLUENCE OF LOSSES ON THE PROPERTIES OF ELECTRICAL 
NETWORKS 


by J. F. SCHOUTEN and J. W. KLUTE. 


621.318.7 


Two methods are discussed for determining the influence of losses on the 
properties of electrical networks such as filters. Especially the method of 
stretching membranes between certain space curves furnishes a very graphic 
picture of the attenuation and the variation of the phase rotation of a network 
as a function of the frequency and the measure of loss. 


In calculating electrical networks, and espe- 
cially electrical filters, it is usually assumed 
that the self-inductions and capacities used in 
them are ideal. By ideal is meant that the impe- 
dances or admittances of these elements are 
purely imaginary, so that no losses occur. For 
these ideal elements the properties of a filter 
can then be calculated according to known 
methods 1). 

In practice, however, we are always concerned 
with elements which are subject to losses, 
which can be represented for instance by a 
resistance in series with the ideal coil or a 
resistance in parallel with the ideal condenser. 
The properties of a filter which is built up of 
these ‘“‘actual’’ elements can immediately be 
expressed in mathematical form *). The numer- 
ical interpretation of this form is ,however, very 
elaborate and time-consuming. 

In this article we shall discuss two methods 
by which a general and in part very graphic 
impression is given of the changes undergone 
by the properties of a filter calculated for ideal 
elements when the influence of the losses is 
taken into account %). 


The method of the perpendicular derivative 


The transition from the ideal to the actual 


| self-induction amounts to the fact that the im- 


pedance Z, instead of being purely imaginary, 
becomes complex (see fig. 1), which may be 
written as follows: 


LiL “Fy -4@D,:.) fae (la) 


where F& represents the series resistance of the 
— coil. 


3) Balth. van der Pol and Th. J. Weijers, 


Electrical filters, Philips Techn. Rev. 1, 240, 270, 
298 and 327, 1936. Referred to below as F. 


3) Loe. cit. F, p- 302. 


*) These considerations are generally valid not only 
for electrical networks, but also for other systems, 
mechanical for instance. Here, however, we shall 
confine ourselves in terminology and examples to 
electrical filters. = 


In the same way, for the admittance Y of 
the condenser: 

Y = joC > G + jo?,.. 2 - (1b) 
where G represents the admittance of the paral- 
lel resistance of the condenser. In general the 
quantities LZ, R, C and G will depend more or 


less upon the frequency, but we-shall not go 
into that here. 


E ie R 
WO — 000 +— TULL — a) 
Z=jwl Z=Rtjwl 
Cc 
C 
—_{-—_ - b) 
Ysjwe Y=Gtjwe 4/389 


Fig. 1. Equivalent diagram of the ideal (left) and 

actual (right) elements. 

a) The actual self-induction may be considered as 
an ideal self-induction JZ in series with a real 
impedance R. 

b) The actual capacity may be considered as an 
ideal capacity C in parallel with a real admit- 
tanee G. 


We now write formulae (la) and (1b) in the 
following form : 


R 
4— 8+ jol=(F + jo) L =e + joph, 
: (2) 
¥= 6+ jo0=(§ + jo)o =o +090. 


In other words, the transition from the ideal. 
to the actual coil, retaining the self-induction 
L, amounts only to the substitution of @ + jo 
for the quantity jo. In the former 9 = R/L 
represents the measure of loss of the 
coil. In the same way the transition from 
the ideal to the actual condenser, retaining the 


capacity C, amounts only to the substitution of. 


the quantity y + jw for jw. Now y = G/C repre- 
sents the measure of loss of the 
condenser. Let us for the present assume 
that the measure of loss of the coils and con- 
densers in the network is the same and equal 


to k. The following conclusion may then be. Be 


ES tT oe a Here ee 


voles 
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drawn. If the properties of an ideal network 
are known as functions of the frequency and 
of the values of the various self-inductions and 
capacities, the properties of the actual network 
follow from them directly by replacing jw 
everywhere in the formulae by the complex 
quantity & + jw. Thus if a property of the ideal 
network is represented by an analytic function 
of the argument jw, which we shall call f(jo), 
the same property for the actual network is 


represented by the same function of the complex ' 


argument k + jw, thus by f(k + jo). 

The function f(k + ja) is in general complex. 
It may therefore be written as the sum of a 
real part a and an imaginary part /: 


fk + jo) = a + 96. 


For such a complex function the following is 
valid, and may easily be verified by differen- 
tiation with respect to k and w, respectively: 


bu _ 96 
Cie Ou 

{SiR 3 
Pies de (3) 
Oke ai ib Oo 


These are the well-known differential equations 


of Cauchy-Riemann from the theory of 
the functions of a complex variable. These 
equations may now be interpreted as follows. 

The properties of our network, expressed as 
the sum of a real part @ and an imaginary part 
B, are known as a function of the frequency w 
for the case when k = 0 (the ideal network). 
We wish ,however, to know the properties for 
a value of the measure of loss k which differs 
somewhat from zero (the actual network). The 
equations (3) show that for a given frequency 
wm the required change of a with k is equal 
to the known change of £ with w for the 


- game frequency. In the same way the required 


change of £ with k is equal to the known 
change of « with w for the same frequency but 
with the opposite sign. If we imagine two sys- 


tems of rectilinear coordinates in which the 


quantities « and £, respectively, are plotted as 


- functions of & and a, relation (3) means that at 


corresponding points (k, w) the derivative in 


- the direction & on the one surface is equal (with 
the positive or negative sign) to the derivative 
in the direction w perpendicular to the first on 


the other surface. 


‘If we develop a@ and £ at a certain frequency 
- @ina Taylor's series in powers of k and 
apply relations (3), we find as a first approxi- 
mation ‘): 


wrt 


LOSSES AND THE PROPERTIES OF ELECTRICAL NETWORKS 


139 


da (0) 5B(0 
a (k) = a(0) +. k Asin — «(0) as k ed 


We Oe oi, 00 
K(k) = 8 (0) + kh = B(0) —k bo | 


With this, for not too large values of k, we 
can determine a (k) as well as £ (k) from the 
given dependence of a(0) and ((0) on the fre- 
quency ow. 


The choice of «a and p 


We have expressly left open the question of 
which function we wish to choose to cha- 
racterize our network. We may therefore 
still make a free choice. In the case of an impe- 
dance we may, for example, take for a and £ 
the real and the imaginary parts of the impe- 
dance itself, but equally well those of the loga- 
rithm of that impedance, or, if it were desirable, 
the real and the imaginary parts of the square 
or the e-power of the impedance. For all these 
cases relations (3) are valid. 

It is customary to characterize electrical 
filters (quadripoles) as follows ®). An input vol- 
tage eJ®t gives rise to the following output 
voltage : 


e—T ejut = e—a—jptjot . . . : (5) 


In this @ represents the attenuation, 7.e. the loga- 
rithm of the ratio of the absolute values of 
input and output voltage, while 6 indicates the 
phase rotation. For this a and # (whose 
nomenclature was anticipated in our choice of 
symbols), which represent the real and the imag- 
inary part of the propagation constant 7’, 
equations (3) are thus valid. 


Examples 


We shall now explain relations (3) and (4) by 
means of several examples. 


a) The low-pass filter of the basic type ®) 


The ideal low-pass filter of the basic type 
(fig. 2a) has the following properties. The attenua- 
tion a is equal to zero below the limiting 
frequency @,. Below this limit therefore 
all frequencies are passed without attenuation 
(transmission region). Above the lim- 


4) The relation (4) was first given by H. F. Mayer 
Bree boon 330251996, 0 Ho A.” Guiblbemin; 
Communication Networks II, p. 445 is due the 
remark that they are ultimately based upon the 
theory of complex functions. 


5) Loc. cit. F, p. 270. 
6) foc. cit. F, p. 298. 
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iting frequency (attenuation re gion) 
the attenuation rises rapidly (fig. 2b) according 
to the following relation: 


The phase £ in the transmission region is given 
by 


; a) 
Bol sin Ss aee 
4 


At wo = @,, f therefore attains the value z; 
this value is retained for the whole damping 


(broken line). 


region (fig. 2c). From the given behaviour of 
fas a function of w we may draw the following 
- conclusions about the influence of the measure 
5: loss & on the attenuation a: 


1) In the damping region the attenuation a is 
in the first approximation independent of the 
measure of loss k, since 68/60 = 0. 

2 Tn the low part of the transmission region 
 (w < 2/3 @,) the attenuation a is independent 
of the frequency, directly proportional to the 
"measure of loss k& (eq. 4) and inversely pro- 
portional to the width @, of the filter, since 
08/80 w 2/a, (fig. 2c). 

In the high part of the transmission region 
(@ < 2/3 @,) the increase in the attenuation 


—— 


PHILIPS TECHNICAL REVIEW 


ae 2, 3 and 4. Low-pass and band-pass filter of the basic type and low-pass 
filter of the transformation type (@,./o; = 4/2). 

a) T-cells of the filter types in question. 

b) and'c) Behaviour of the attenuation a and phase f, respectively, as functions 
of the frequency for the ideal case when k 


and (4) then, nevertheless, remain valid in the — 


SS Re > erase ee 
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is greater than in the low part, considering ra 
the increase of 66/d@ with o. 
For the influence of the measure of loss & on 
the phase £ we find in the same way: | 
1) In the transmission region the phase 8 is — 
in a first approximation independent of the 
measure of loss k, since da/da = 0. 

2) In the damping region the phase f decreases, 
since da/dwm is positive and directly propor- 
tional to the measure of loss k. This decrease 
becomes smaller with increasing frequency, 
since da/dm decreases. 

Before passing on to a numerical example it 


Jel mie targa AO oe lhe Sl ite LEN: 


Li i ew 8 TREO yo - 


Fig. 4. 


= 0 (full-drawn) and fork = 0.1, 


must be pointed out that our original condition, 
namely that the measures of loss of coils and 
condensers are equal, is practically never ful- 
filled in practice. On the contrary the losses 
of the condensers are usually many times as _ 
small as those of the coils. Our formulae (3) 


first approximation provided the average of 9 
and y is taken for k, thus: 


ery 


Estas a 


, So that k = p When @> 7. 


The influence of the inequality of @ sa 
which is ignored here, is manifested msi in 
a slight ayer of the frequency. 


- 
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We now take as example a low-pass filter 
consisting of a number of cells. We assume a 
cut-off frequency of », = 400 c/sec, thus w, = 
25 000, a measure of loss of the coils of 9 = 
R/L = 125 ohms per henry and a negligable 
measure of toss of the condensers. In the low 
part of the transmission region, independent of 
the frequency, the damping becomes 


aren re 2 
: rhe 5: ac aie 200 neper/cell. 
. The fact that the attenuation here is found in 


; neper per cell is a result of the fact that we 
began (see (5)) with the natural logarithm. If 
we wish to express the damping in decibels, 
since 1 neper corresponds to 8.7 decibels, we 
find that a = 0.043 db/cell. The same formulae 


: are valid for a loaded cable consisting of a 
number of sections, which may of course also 
q be considered as a low-pass filter. 

; b) The band-pass filter of the basic type”) 

3 

: For this filter practically the same consider- 
- ations hold as for the low-pass filter. For the 
damping in the middle section of the trans- 
mission region we now find (fig. 3): 

a é k 

{ ee bo 8 db/cell. . (6) 
3 Ow W2—, 

2 From this we draw the conclusion that the at- 
—__ tenuation in the transmission region of the band- 
4 pass filter is independent of the mean frequency 
of the transmitting band and that it is deter- 


mined only by the measure of loss k, to which 
the attenuation is directly proportional, and by 
the width w,—a, of the band, to which it is 
inversely proportional. 


: 


-—s«*SJn connection with this it may be pointed out that 
the losses of a coil are often expressed not in the terms 
of the measure of loss @ but in those of the quality 
- Q8), which is related as follows to the measure of loss: 


- If one now considers the case often occuring in car- 
 rier-wave telephony, namely a number of band-pass 
filters at different points but with the same band 
width, these filters undergo the same change in a 


the same for the different transmission bands. Con- 
~ sidered from the point of view of filter theory, there- 
fore, it is better to use g and not @Q to characterize 
the losses. For the same reason we prefer the measure 
_ of loss y for condensers over the customary tangent*) 
of the phase displacement 6, which is related to 7 as 


follows: 


= of — eo ol 2 
Gouge). tan.6 
EF, p. 327. 


and f when the values of g and not those of @ are. 


%) Loe. cit. F. Table opposite p. 332. 
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c) The low-pass filter of the transformation type 9) 


Compared with the low-pass filter of the basic 
type, this filter has the peculiarity that the 
attenuation already becomes infinite for a finite 
frequency w, (in fig. 4w, = w, 1/2) and 
above this frequency gradually falls to a certain 
limit. It is used when a very steep rise in the 
damping is required immediately above the 
cut-off frequency w,. In the phase £ the fre- 
quency of infinite attenuation is manifested in 
that the phase jumps back abruptly from a to 
zero. This means, therefore, that in the whole 
damping region, as for the filter of the basie 
type, 0f/6m is zero except at w,, where 
this quantity becomes negatively infinite. This 
makes it understandable that here also in the 
damping region the damping «@ is in the first 
approximation everywhere independent of the 
measure of loss k except exactly at point ,,, 
where the smallest loss already causes the dam 
ping to decrease to-a finite value. 

In the transmission region the phase does 
indeed vary from zero to a, but more slowly 
at first, and consequently more rapidly later, 
than is the case with the basic type. This means 
that in the low part of the transmission region 
this type of low-pass filter is less sensitive 
and in the high part more sensitive to losses 
than the basic type (fig. 4b). This is even truer 
the closer the point of infinite damping o,, 
lies to the cut-off frequency ,. This influence 
of the point of infinite damping on the beha- 


viour of the filter in the transmission region — 


must here be accepted as given. In the following, 
however, on the treatment of the problem with 
the help of membrane models we shall reach a 
closer insight into this point. 


With the influence of the losses on the phase 
B we must also note that for frequencies above | 


® ,, 6a/dw is negative. In this region therefore 
£2 must increase with increasing measure 
of loss k. 


These considerations illustrate how with the 
help of the method of the perpendicular deri- 


vative a fairly complete concept may be formed ‘ 
of the behaviour of electrical systems which | 
are subject to slight losses, when the behaviour | 


of the system free of losses is known. We shall 


now derive another relation between the quan- 


tities a, 6, k and w which will lead us to a direct 
graphic representation of @ and f. ; 


8) Instead of the quantities Q and tan 6 the quantities 


dz and dc (loc. cit. F. p. 302), respectively, are 
~- also used. These latter quantities are related as 
follows: 
dz = 1/Q and dg = tan 6. 
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The method of the membrane model 


By differentiation of equations (3) with res- 
pect to k and wm we can derive the following 


relations : 
2 2 
07a O*a mo 
ok? bw? 7 
526 528 | 2 ee (7) 
si dota 


These are Laplace differential equations, 
also well known from the theory of the functions 
of a complex variable. 

These equations do not, like equations (3), 
represent a relation between a and £, but a 
condition which not only @ but also £, each as 
a function of k and w, must fulfil. In spatial 
representation therefore they represent condi- 
tions which are applied to the surfaces a(k,w) 
and £(k,w). The Laplace equation exhibits 
great similarity with the differential equation 
which determines the shape of a soap film, 
that is to say of the so-called minimum 
surface. The name minimum surface comes 
from the fact that such a surface is the smallest 
which can be laid through a given contour. 
For very small slopes the differential equation 
for the minimum surface passes over into that 
of Laplace. Use has already been made of 
this in this laboratory, namely for the construc- 
tion of a model of a two-dimensional potential 
field by means of a rubber membrane ”). The 
behaviour of the rubber membrane is slightly 
different from that of the soap film, since the 
tension at every point of the membrane, unlike 
that of the soap film, is not the same, but 
depends upon the stretch, which differs from 
point to point. For small slopes, however, it also 
satisfies the Laplace equations. 


For the surfaces a and £ about to be consid- | 


_ ered the condition that the slopes must be small 
is by no means satisfied. We shall, however, for 
the present disregard the inaccuracies thereby 
caused, and we may then, although roughly, 
reproduce the form of the surfaces a(k,w) and 
B(k,w) by representing them as a stretched soap 


film or rubber membrane. 


- Just as the solution of the La place equa- 
tion in the interior of a closed contour is fully 
determined by the values of the function at the 
edge, in the same way the form of a soap film 
or of a rubber membrane is completely fixed 
by its contour. In the practical execution there- 
fore we shall try to determine a and f along 
a contour, then we shall make a model of it 


y=, 1) Pp. H. J. A. Kleynen, Philips Techn. Rev. 2, 


338, 1937. 
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and over it we shall stretch a soap film or a 
rubber membrane. 


Examples 


The method of the membrane model will now 
be explained with the aid of several examples. 


a) The low-pass filter of the basic type 


We have already stated that for the ideal 
filter (thus in our spatial representation in the 
coordinates a, k and w for the plane k = 0) 
the following is valid: 


o = 2 cosh! eee (8) 
Oy 
Similarly we find for the plane w = 0 
k 
os 2. ih = ee ee (9) 
QO, 
and for a plane of constant value a 
ao? — 
een ae 


a a 
. 2— 2 sinh2— 
@, cosh one sinh 9 


In fig. 5 a model is shown of the surface 
a(k,w) where the rubber membrane is stretched 
over the given contours (8), (9) and (10). 


Here we again encounter the complete beha- 
viour which has already been described in the 
method of the perpendicular derivative. In the 


41385 


Fig. 5. Rubber model of the damping a (k,w) for 
the low-pass filter of the basic type. It should be 
noted how the attenuation region on the axisk = 0 ~ 
draws the membrane upward for the high part of the 
transmission region and for k = ; 
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Fig. 6. Soap-film model of the dampi 
ping a (k, w) for 
the low-pass filter of the basic type. = 


model the values for constant k and constant 
@ are indicated by white lines. It may clearly 
be seen how in the low part of the transmission 
region a increases linearly with k. As, however, 
we approach the cut-off frequency ,, the 
neighbouring attenuation region 
already begins to draw the mem- 
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Fig. 7. Rubber model of the complete surface a (k, w) 
for the low-pass filter of the basic type (extended 
to negative valvues of a, k and w). The model con- 
sists of two rubber membranes stretched over two 
ellipses and fastened to each other along the line 


. 
. 


x7 7. 
v4 


? 


which connects the two foci of each ellipse. In the 
plane k = 0 and = 0 the surface must automatically 
assume the form of a hyperbolic cosine and hyperbolic 
gine ‘respectively. This condition is not completely 
satisfied by the rubber model, but with a certain 
approximation. 
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brane more upwards, so that at w = Or 
the derivative da/5k even becomes _ infinite. 
Once in the damping region the derivative imme- 
diately falls to zero, the membrane is here 
exactly perpendicular to the plane k = 0. In 
fig. 6 the same surface is represented in the form 
of a soap film. 

We may also imagine the surface to be con- 
tinued for negative values of a, k and w. Lines 
of constant @ are then according to (10) given 


Fig. 8. Rubber model of the phase f (k, w) for the 
low-pass filter of the basic type for the values of B 
between O and za. 

a) Diagram of the surface f (k, @). 

b) The rubber model of the phase f. 

The membrane is fixed by three conditions: the value 


B = 0 along the periphery, the value 6 = 0 along 
the axis o = 0 (fixed by a straight strip above 
the surface) and the value 6 = a along the axis k 


= 0 for m > w, (fixed by a straight strip under 
the surface). The variation according to an arc sine 
in the transmission region must then be automatically 
attained. 


by a series of confocal ellipses, 7.e. ellipses with 


the common foci —@, and +@,. We now cover 
two similar ellipses with a rubber membrane and 
place the ellipses vertically above each other in 
a horizontal position (fig. 7). If we now fasten 
the two membranes to each other along the line 
which joins the foci of each ellipse we shall 
obtain the desired surface. The variation accor- 
ding to a hyperbolic cosine in the plane k = 0 
and according to a hyperbolic sine in the plane 
w=Omustthen automatically beattained. 
For the phase £ we can construct a similar 
model. We may begin by determining that for 
the frequency 0 the phase must always be zero— 
for each k, since the phase # is always an anti- 
symmetric function of (i.e. a function which 
for negative values of the argument takes on 
a value equal and opposite to that for positive 
values of the argument). Furthermore it can be 
proved that, for a large value of k, 8 approaches 
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Fig. 9. Soap-film model of the phase f (k, w) for the 
low-pass filter of the basic type. The coordinate k 18 
here chosen in the opposite direction for the sake of 
clearness. 


zero independent of w. Sufficient data are thus 
available to fix completely the surface £. For 
this purpose we take a rubber membrane 
(fig. 8) whose fixed periphery approximately 
represents the phase zero. If now by means of 
a vertical straight strip under the membrane 
we push up the latter along the w-axis above 
the cut-off frequency mw, to a certain height 
_ which represents the height z, and by means 
of a second strip above the membrane we 
keep it down along the k-axis at the height zero, 
_ the surface f is entirely fixed. The rectangular 
network of white lines drawn on the membrane 
now represents the set of lines of constant & 
and constant w respectively. The variation 
__ according to an arc sine on the line k = 0 for 
the region between the origin and the cut-off 
_ frequency must be automatically assumed. 


% Tes 


a soap-film model, but only for positive values 
ROL Ks 


nie §, 


2 b) The band-pass filter of the basic type 


__-‘The band-pass filter of the basic type, when 
the width of the transmission region is small 
compared with the average frequency of the 
ransmission region, is entirely analogous to the 
low-pass filter of the same type. It may be 
considered as a low-pass filter which is repro- 
duced not only for positive but also for negative 
alues of the frequency, and which is shifted 
such a way toward high frequencies that the 
equency zero is displaced to the mean fre- 
uency , of the transmission region. The 
mits —q@, and +, of the low-pass filter are 
then replaced by the limits m, and , of the 


y 


. 


band-pass filter. 
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In fig. 9 the same function is represented as — 
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In figs. 10 and 11 we show drawings of models 
of the surfaces « and £. In fig. Te the surface 
a is shown as a soap film. 


c) The low and band-pass filter of the transfor- 
mation type 


There is the same relation between these 


Figs. 10 and 11. Drawn models of the attenuation 

a (k, w) and the phase f (k, w) of the low-pass filter — ar} 
of the basic type !!). By approximation the models 
also hold for a narrow band-pass filter of the basic 
type when the mean frequency w, of the transmission ~ _ 
region is added to each frequency. The values for 
k = 0.1 w, are indicated by a dash line, those for _ 
k = 0.05 a, by a dotted line. é 


11) "The models are exact representations of the real pte 
and the imaginary part of the function! bp 


P sa +9p = 2 sinh‘1 Gt). 
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two filters as between the corresponding filters 
of the basic type. In figs. 13 and 14 drawings 
of models of the surfaces a and £ are reproduced. 
In fig. 15 the surface a is represented as a soap 
film. Our feeling for the behaviour of the soap 
film tells us immediately that for k 4 0 the film 
draws the attenuation a in the transmission 
region upwards, but in the vicinity of the points 
of infinite attenuation it draws it downward. A 
fundamental difference from the band-pass filter 
of the basic type consists in the fact that for 
high values of & the attenuation a does not tend 
towards an infinitely high value, but towards a 
finite value independent of w. These low values 
at the edge of the film will now have a tendency 
to cause the film to run upwards less strongly 
in the transmission region than is the case with 
the basic type. In the vicinity of the cut-off 
frequencies, however, this influence is overcome 
by the nearness of the points of infinite damping, 
which draw the film more strongly up- 
ward than is the case with the basic type. This 
results finally in the smaller influence of the 
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Fig. 12. Soap-film model of the damping a (k, ©) 
of the band-pass filter of the basic_type. 
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losses in the middle and the stronger influence 
at the edges of the transmission region of the 
filter. We have already pointed this out when 


41429 


Fig. 14. 


Figs. 13 and 14. Drawn models of the damping 
a (k, w) and the phase f (k, w) of the low-pass filter 
transformation type (@, = 04/2). The 
models also hold for the band-pass filter of the trans- 
formation type in the manner described under figs. 
10 and 11. 


discussing the low-pass filter of the transfor- 
mation type according to the method of the 
perpendicular derivative. In fig. 16 a soap-film 
model is shown of the phase of the low-pass 
filter, while in fig. 17 a rubber model of the 
same filter is shown. In the latter model in 
addition the second part of the surface f is 
shown which extends from z to 2a. The model 
is constructed in a way analogous to that of 
fig. 7. The two membranes are fastened together 
along the line from @, to ,, and a vertical 
plate is then inserted between the two surfaces 
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Fig. 15. Soap-film model of the attenuation a (k,-o) 
for the band-pass filter of the transformation type. 


in order to keep the value of £ on the q-axis 
for frequencies above w,, at zero for the lower 
and at 27 for the upper surface. 


d) A compound band-pass filter for carrier-wave 
telephony 


In carrier-wave telephony use is made of 
band-pass filters whose chief function is to 


Fig. 16. Soap-film model of the phase f (k, @) for 
the low-pass filter of the transformation type. The 
coordinate k, as in fig. 9, is here chosen in the forward 
direction. 


suppress one of the two sidebands formed during 
modulation. For this purpose a damping charac- 
teristic is chosen which rises steeply on one 
side and less steeply on the other. For such an 
asymmetric filter 12), which has recently been 
described in this periodical and which consists 
of three different cells, a soap-film model is 
shown in fig. 15. It is clear that the influence 
of the losses at the steep edge of the trans- 
mission region is greater than at the less steep 
edge. 


The relation between « and £ 


Upon closer consideration of the results 
which were produced by the method of the 
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perpendicular derivative and that of the film 
model, we encounter a remarkable situation. In 
the first method we deduced for instance that 
6a/dk is given by 68/6. In the second method, 


Fig. 17. Rubber model of the phase f of the band-pass 
filter of the transformation type for values of f be- 
tween 0 and 2z. 


a) Diagram of the surface f. 


b) Rubber model of the phase f for the region be- 
tween 0 and 2z. 


The two sheets of the surface are fixed by three known 
conditions: the values zero and 2z, respectively, along 
the edges (to which the axis k = 0 also belongs), 
the value a on the w-axis between @, and w,, (ob- 
tained by fastening the two sheets together) and the 
values zero and 22, respectively, along the w-axis for 
frequencies higher than @,, (obtained by the vertical 
plate, which, in order to prevent undue damage to 
the membranes, is not inserted quite as far as the 
value> w,,). 


however, we gave a along a contour only and 
from it derived @ unambiguously in the whole 
inner region, thus also da/ék along the axis 
k = 0. Thus the given contour in fig. 5 furnished 


Fig. 18. Soap-film model of the attenuation a (k, w) 
of a composite band-pass filter for carrier-wave 
telephony. 


Ze) sae J. Weijers, Philips Techn. Rev. 7, 104, 
1 s fe 
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us with the surface a for the low-pass filter 
without it being necessary to use our knowledge 
of the behaviour of 6 as a function of w. That 
this is possible is due to the fact that a and B 
are not independent quantities. With a given 
damping as a function of the frequency, the 
variation of the phase cannot be chosen freely. 
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The explanation of this relation, which we shall 
not go into here, ultimately comes down to 
the simple fact that whatever the properties of 
the filter it is always known with certainty that 
no output voltage can occur before an input 
voltage is applied. From this the relation be- 
tween a and £ may be derived. 


GENERATORS FOR SHORT-WAVE THERAPY 


by J. FRANSEN and J. M. LEDEBOER. 615.846 


In the medical treatment with short waves (short-wave therapy) use is made 
of the fact that by means of high-frequency currents with frequencies above 
10’ c/sec a development of heat can be obtained at any desired spot in the 
body of the patient. The high-frequency currents are excited by means of 
short-wave transmitters which in some instances are simpler and in others 
more complicated than the transmitters used for radio and television. The 
requirements made of such transmitters and their construction are discussed 
here on the basis of a description of two generators for short-wave therapy 
developed by Philips. These generators work on a wavelength of 6 m and 
can deliver a maximum effective output of 400 and 150 W, respectively, to 


the patient. 


Introduction 


Around about 1800, when hardly anything 
-was yet known about the great field of elec- 
trical phenomena, attempts were already being 
made to send electric currents through the hu- 
man body for the purpose of producing a healing 
effect upon the sick. Direct current (galvanism) 
was originally used, later on alternating current 
of 20 to 200 c/sec (faradism). A specific effect 
of the electric current was indeed found, namely 
a prickling sensation which sometimes in the 
case of nervous disorders was found to have 
therapeutic effect. At the same time, however, 
electrolysis occurs in the tissue, and this was the 
main reason why the current could not be made 
stronger than 30 or 40 mA. 
An increase of the current used only became 
possible when in 1890 d’Arsonval discov- 
red that with alternating current of a high 
frequency (above about 100 000 ¢/sec) the prickle 
and the harmful electrolysis disappear. In this 
_ way currents of 1 A and more could be sent 
through the body. In this case another pheno- 
- menon comes to the fore, namely a considerable 
development of heat in the body. 
- Heat development of itself has long been an 
important aid in medical therapy: a local tempe- 
_ rature increase is accompanied by a local increase 


of circulation and a more intense local metabo- 
lism, which especially in the case of certain 
inflammations, rheumatic disorders, ete. may 
have a favourable effect. In most methods of heat 
application, however, such as warm baths and 
packings, massage, irradiation with light or 
infra-red rays, it is only the outer layer of the 
body which is heated in the first instance; the 


subcutaneous layer of fat forms a sort of heat 


insulator which prevents a direct heat exchange 
of the more deeply lying parts with their sur- 
roundings. This is of course exactly the function 
of the fat layer in the human body, although 
it is to prevent the exchange in the opposite 
direction. The more deeply lying parts of the 
body can therefore only receive heat by trans- 
portation by way of the blood stream. It is 
clear that no considerable and certainly no 
well-localized heating of the organs inside the 
body can be obtained in this way. 

Heating by electric current has the impor- 
tant advantage that the heat is developed all 
along the path of the current, thus also in 
the internal organs themselves, so that in this 
case heating effects of quite a different order 
of magnitude are possible. In the practical 
application it is then only a question of pro- 
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viding that the electric current follows the de- 
sired path through the body so that the desired 
parts are heated. While it was originally held 
that for this purpose it was only necessary to 
apply the electrodes which supply the current 
to the body at the correct spots, more recent 
knowledge has shown that this is not sufficient. 
The part of the body to be treated may in the 
first instance be regarded as consisting of a very 
large number of heterogeneous elements connec- 
ted partly in series and partly in parallel, each 
of which has its own resistance and its own 
capacity. When a frequency of for instance 
106 ¢/sec (wavelength 300 m) is used, as is the 
case in diathermy, the reactances of the 
capacities mentioned are still so small that they 
exert no influence on the distribution of the cur- 
rent through the parallel elements ; this distribu- 
tion then depends only upon the resistances, the 
current chosing the path of least resistance. 
Now certain components of the body, such as 
fat, bone, etc., have such a high specific resis- 
~ tance that they practically act as insulators. 
It is therefore impossible to send a current 
through parts which are surrounded by fat, 
although they lie exactly between the applied 
electrodes: the current does not pass through 
those parts but around them, via muscle 
tissue and blood stream. It is for this reason 
_ that it is impossible to heat the interior of a 
joint by diathermy. 

The situation changes completely, however, 
when the frequency of the electric current is 
still further increased to 107 c/sec or more 
(wavelengths of less than 30 m). The reactances 
of the body elements then become of the same 
order of magnitude as their resistances and the 
current distribution is now also influenced to a 
‘decided degree by the dielectric con- 


corresponding to the value of ¢ for various 
eous solutions — we obtain a much more 


equencies, see fig. 1. Thus it is possible actually 
to send the current through the desired part 
e body, and in this way to cause the devel- 
ypment of heat at any desired spot. ; 


. S A me 


high frequencies used offered another 
antage over the lower frequencies used in 
thermy. With direct current and with alter- 
g current of not too high frequencies the 
ent must be applied by direct contact on 
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_ Fig. 2. Equivalent diagram of the circuit which - 


the body, and to prevent a high transition 
resistance a good contact between the bare 
electrodes and the skin has to be provided. 
This makes the treatment difficult and in many 


: 

4/437 
Fig. 1. Current distribution through a part of the ‘ 
body, a) at low frequency, 6) at sufficiently high fre- - 
quency. J is the organ to be heated, 2 an enveloping 4 
layer of fat, 3 muscle tissue. At low frequencies the \ 


fat has the character of an insulator. 


cases, such as those of open skin wounds, im- : 
possible. At higher frequencies, however, the ; 
electrodes can without objection be placed «at 

some distance from the skin. The current is then 
transmitted via the ‘‘coupling capacity’ be- j 
tween electrode and skin, so that the equivalent — 
circuit shown in fig. 2 is obtained. Against | 


the advantages of this treatment from a distance 
there is no other disadvantage than that for. 
the same current through the patient a higher 
voltage must be applied to the electrodes. The 
difference is not very important, since when the 
distance between electrodes and skin is not 
too great the coupling capacities C, are of the 
same order of magnitude as the capacity C 
formed by the part of the body being treated. 


For a correct understanding it is necessary to point 
out that the historical development of short-wave 
therapy by no means followed the lines of the dis- 
cussion given here. It may rather be assumed that 
the search for effects of the high-frequency alternating — 
current other than those which result from. the 
local development of heat was the main object in- 
view. Thus, for example, it was thought to have been _ 
established that after the elapse of some time the 
operating personnel of powerful radio transmitters 
suffered from certain bodily phenomena (such as | 
chronic headache) which were ascribed to the effect 
of the strong electromagnetic alternating fields. Leav- “i 
ing out the question whether or not these suspi- 
cions are based upon truth, it must be noted that while 
the situation of the patient in the ‘‘condenser field” 
in short-wave therapy is quite analogous to that in 
which one is situated in the vicinity of a transmitting 


er 
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cludes the patient in treatment from a distance. T 
generator furnishes the high-frequency current 
which, via the coupling capacities C4 existing be- 
tween the electrodes and the skin, flows through 
the RC system of the body. b- eee 
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= aerial, the specific effects, if they are present, do 
a not play any significant réle compared with the heat 
effect. The name “short-wave therapy” is in fact 
not a very fortunate one, since it emphasizes the wave 
character, while the fact that waves are also actually 
emitted by the patient acting as aerial and by the 
connecting wires is only a subsidiary phenomenon 
| which is undesirable in every respect: it means on 
4 the one hand loss of energy and on the other hand it 
may lead to radio interferences in the neighbourhood. 


The term “high-frequency diathermy”’ would therefore 
be preferable. 


The first experiments with short-wave therapy 
3 were performed with the help of the oscillations 
p which occur upon the discharge of a condenser 
battery via a spark gap. Such spark generators 
_are still in use at the present time. Short-wave 
therapy has, however, only been practised on 
a large scale since it became possible through 
the development of short-wave transmitting 
technology, particularly of transmitting valves, 
to, construct entirely noiseless, reliable and 
easily operated valve generators which deliver 
a satisfactorily high output. Two such generators 
‘which were developed by Philips (types 11 951 
and 11 952) will be described in the following. 


Choice of the frequency 


From the above it follows that the frequency 
of the generators will be chosen in the region 
above 10° c/sec (wavelength less than 30 m). 
As to the final choice of the particular frequency, 
it is more and more customary to work with 
a wavelength of 6 m. This choice may be ex- 
plained as follows. 

If we consider the diagram of the equivalent 
circuit in which the patient is included (fig. 2) 
and calculate the heat Q which is developed 
per second in the resistance R when an AC 
voltage of magnitude FH and frequency w is 
applied to the connections, we find that 


et een Wea (1) 
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It is immediately evident that Q becomes larger, 
the larger w is chosen. In order to obtain the 
greatest possible heat delevopment in the human 
body, therefore, the frequency must be chosen 
as high as possible. This conclusion also remains 
valid when the simple connection in parallel of 
R and C in fig. 2 is replaced by a complicated 
ircuit of many O’s and R’s in series and in 


A practical limit is set to the increase of the 
- frequency by two factors. In the first place with 
transmitting valves the efficiency decreases 


n the frequency rises above a certain value. 
a " 
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arallel, which corresponds more to the actual 
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Whereas until a few years ago the limit at which 
one could work and retain a satisfactory effi- 
ciency and output lay at 10 to 30 m, at the 
present time with newer valves good efficiency 
can be attained at 6 m and even at 3 m }). 
It is even possible by the employment of mag- 
netron generators *) to work with wavelengths 
of 1 m or less. At such short waves, however, 
another difficulty occurs, namely the emission 
of radiation by the connections which lead from 
the generator to the patient. This radiation can 
only be restricted by constructing the two elec- 
trode cables in the form of a Lecher system, 
1.e. by keeping their distance apart small com- 
pared with the wavelength. Considering the 
very different ways in which the electrodes 
must be able to be placed, this condition can 
no longer be satisfied at wavelengths of for 
instance 3 m. For the same reason, when 
using wavelengths of less than 1 m, the method 
has been adopted of radiating the energy on 
to the patient with parabolic reflectors. Because 
of these complications the advantage in heat 
development achieved by the increase in the 
frequency is again endangered, so that for the 
present it is best not to choose a frequency 
higher than 5 x 107 c/sec (wavelength 6 m). 
This wave length is the one most commonly _ 
used for short-wave therapy at the present 
time, and it has been taken as a basis for the 
Philips generators. 


Here again it must be noted that the historical 
development has not followed this argument as a 
whole. A group of investigators held the opinion ea 
that for heating different parts of the body different re 
frequencies should be chosen, in order to obtain in wh 
each case the largest possible heat development*). This 


conception originated from the fact that when equa- — i 
tion (1) or one similar to it set up for constant c ur- 6 \ 
rent is partially differentiated with respect to RO 
and dQ/dR is set equal to zero, a relation between =~ 


R, C, Ca and wis found for which Q has a maximum. ry 
This means, however, — as Daan‘) pointed out — i 
nothing more than that at a given frequency @ ~~ 
certain relation between R and C is the most favour- ae Ar é 
able. If on the other hand Rand C must be considered Aes 
as given, as is always the case in practice, the best cy 
choice of m is independent of R and C, as explained : 
above. z 


The high-frequency output required Baek: 


The power which must be supplied to the | 
patient depends upon the size of the part of 
the body to be heated. It must be kept in mind 
that the energy must be supplied at a certain 


rate if any appreciable increase in temperature ae 
is to take place. The circulatory system inside Sy 
a 


1) See Philips Techn. Rev. 6, 253, 1941. | ‘a 


2) See for example Philips Techn. Rev. 4, 189, 1939. 
3 J. Patzo td, Z. Hochfrequenztechnik 36, 85, — rum 

1930. ° es 
4) A. Daan, dissertation, Amsterdam 1938. : ‘ 
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the body and the perspiration of the skin have 
a very strong heat-regulating action, 7.e. they 
combat local changes in temperature. The heat- 
ing of a part of the body must overcome these 
equalizing influences. On the other hand the 
heating may not take place too quickly, since 
the body reacts against too rapid disturbances 
of the heat equilibrium by severe sensations of 
pain. If for example it is desired to give a tem- 
perature increase of | to 1.5°C to the chest or 
pelvis of a patient, a heating time of about 5 
min. is found to be necessary, while a power of 
about 300 W must be supplied to the patient. 
This is about the highest power which will be 
needed for the treatment of a single object. 
Only in the case of the excitation of artificial 
fever, which was formerly carried out by ex- 
pressly infecting with malaria, and where the 
purpose is to heat the whole body several de- 
grees centigrade, are higher powers required, 
namely 700 to 800 W. Since, however, this 
treatment is quite rare, it is better to use two 
separate 400 W apparatus than a heavy appa- 
ratus constructed especially for that purpose, 
also because a 400 W apparatus can more 
easily be built to make it transportable — a 
requirement which is always made of apparatus 
to be used in a hospital. For these reasons the 
Philips apparatus 11 952 is built for an output 
of 400 W. This apparatus has the form of a 
desk on wheels, see fig. 3. In order also to be 
able to treat bedridden patients at home a second 
type (11 951) has also been developed which with 
an effective output of 150 W weighs only 28 
kg. In this case therefore some of the heaviest 
treatments are impossible, but the apparatus 
can easily be transported in a motor car 
(fig. 4). 

The above refers only to the maximum 
output for which the generator must be designed. 
On the subject of dosage, i.e. the regulation 
_ and control of the power applied to the patient, 
some remarks will be made in the following. 


Connections of the high-frequency generator 
Diagram showing the principle 


In principle a generator for short-wave thera- 
py is nothing else but a short-wave radio 
transmitter. It can, however, be made consi- 
_ derably simpler than a radio transmitter, due 


to the fact that for therapy it is unnecessary 


_ to make strict requirements as to the con- 
_ stancy of the frequency and the amplitude of 
the oscillation generated. Since an especially 


~~ constant frequency is not required, driving 


stages with crystals or the like can be omitted 


and, even for relatively high outputs, a self- 


oscillating connection with only one stage can 
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be used. Owing to the fact that a stable 
amplitude is not required (absence of modula- 
tion), the generator can be fed with AC voltage, 
so that no rectifiers are needed for the supply. 
It is in fact only these simplifications which 
make it possible to design a unit which is accep- 
table economically to the existing circle of 
users. 

The diagram of the fundamental connections 
of the generators 11 951 and 11 952 is reproduced 
in fig. 5a. The anode circuit, which is tuned 
to a frequency of 5 x 107 c/sec, is formed by 
the anode-cathode capacities of the two trans- 
mitting valves and the two coils L,’, L,’’. The 
connections show some similarity to the push- 
pull connections often used in radio technology 
(fig. 5b). They differ from the latter, however, 
in that the two valves oscillate in turn, 


each valve oscillating only in the half period 
of the low-frequency supply voltage in which 
its anode is positive, while in the case of true 


Fig. 3. Generator for short-wave therapy, type 11 952, 
in use (treatment of knee joint). This apparatus in 
the form of a desk on wheels can deliver a maximum 
high-frequency output (wavelength 5 m) to the pa- 
tient. Besides the knob for switching on (right) 
there is no other part to be operated by the medical 


personnel but the knob for adjusting the desired 


output (left), which is read off on the meter, and the 
dise for tuning the circuit with the patient (centre), 


which is checked on the same meter. Dimensions ~ 


46 xX 37 X 87 cm, weight 62.5 kg. Two electrodes 
in the form of plates are fastened to the apparatus 


by means of two arms which can be turned in all. 


directions. 
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Fig. 4. Generator for short-wave therapy, type 11 951. 
The apparatus weighs only 28 kg and can easily be 
transported in a motor-car. The maximum effective 
high-frequency output amounts to 150 W. 


push-pull connections both valves oscillate con- 
tinuously, see fig. 6a. Nevertheless, even in these 
halves of the period during which the ‘‘other”’ 
valve is generating, the full high-frequency 
voltage acts on both of the anode coils, due 
to their mutual induction. The high- requency 
voltage on the complete circ uithas, therefore, 
at every moment an amplitude which in the 
most favourable case (full modulation of the 
' voltage) is four times as large as the momen- 
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tary value of the low-frequency supply voltage, 
see fig. 6d. 

The desired power can of itself also be excited 
without difficulty with a single valve. However, 
by using two valves each of lower output and 
connecting them as in fig. 5a, several important 
advantages are obtained. In the first place the 
supply transformer is symmetrically 
loaded, so that the primary current is about 
twice as small (cos » © 1, while with unsymme- 
trical loading cos » ~ 0.5), and thus the trans- 
former can be made smaller. Furthermore, the 
symmetry of the high-frequency oscillation cir- 
cuit facilitates the oscillation and diminishes 
the reaction of the circuit in which the patient 
is included on the generator. Thanks to the 
symmetrical connections there is also less chance 
of high-frequency voltages being transmitted 
to the supply network. Finally it must be 
noted that when using a single valve intervals 
occur during which there is no high-frequency 
voltage present, as may be seen in fig. 6b or c. On 
the other hand when using two valves the high- 
frequency voltage is more nearly continuously 
present. Some patients seem to find the latter 
situation more pleasant. 

The circuit LpCp in which the patient is 
included is coupled inductively with Lqg’—La”, 
so that the low-frequency anode supply voltage, 
which in the case of valves for several hundred 
watts must normally amount to several thou- 
sand volts, cannot act upon the patient. For 
absolute safety the point of symmetry of LpCp 
is furthermore connected with earth via a high- 
frequency chok’ng coil (not shown in fig. 5a). 
The circuit LpCp is tuned to the generator 
frequency for every case by means of a rotating 
condenser. 
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b) 


Fig. 5. a) Diagram showing the principle of the Philips generators for short- 
wave therapy. Since the requirements as to constancy of the frequency and 
the amplitude of the oscillation obtained are not severe, the generator is 
built up of a single self-generating stage, and as anode voltage simply a 50 
c/sec AC voltage is taken which is delivered by the supply transformer 4,, 
S,. The symmetrical connection of two valves (B,, B,) here employed 
has various advantages over connections with only one valve. The circuit 
in which the patient P is included via the supply lines 7 and which is tuned 
to the wavelength 6 m with the rotating condenser Cp for each case eo 
is coupled with the divided anode coil L',—L" 7, by the coil Ly. Cais a coupling 
condenser, L, grid coil, Rg grid resistance. 
b) Normal push-pull connection of two valves. 


152 


While the construction of a medical short- 
wave apparatus is on the one hand simpler 
than that of a radio transmitter, thanks to the 
lower requirements of constancy of frequency 
and amplitude of the oscillations obtained, 
there are on the other hand complications which 
are not encountered in a radio transmitter: 1) 
the loading impedance is different for every 
case treated, 2) it must be possible to vary the 
output within wide limits (practically by a 
factor 10). 
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a) 


Fig. 6. Form of the resultant anode voltage 
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the regulation of the power supplied to the 
patient and the problem of measuring this 
power. 


Regulation of the output 


If one begins with the maximum output, i 
the output can be reduced either by decreasing 
the heating current, increasing the grid resis- 
tance or decreasing the anode voltage. The last ‘ 
method is the most economical one, since in f 


iit tent deat 


eee 
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a) of each of the two valves in fig. 5b, 

b) of valve B, in fig. 5a, 

c) of valve B, in fig. 5a, 

d) of the two valves in fig. 5a together. 


heat ae ped ie ee np rian: 


ee The anode DC voltage and low-frequency anode supply voltage, are indicated 
Ree AS by heavy lines. The oscillations indicated by thin broken lines in 6 and ¢ are 
“e due to induction in the corresponding half of the anode coil during the ‘“‘wrong” 


period of the supply voltage. 


Matching of the circuit in which the patient is 
included . 


As to the loading impedance, the loading 
of the anode circuit should be matched for 
each patient by making the coupling between 
_ Lq@ and Ly more or less tight. With the techni- 
~ eally unskilled operators of the medical appara- 
tus, however, it is not easily possible to have 
te _ them make this adjustment, not so much be- 
cause of the fact that the coupling requires 


_ the output is concerned (with self-generating 
-- connections the opposite is true), but because 


with too tight a coupling an undesired reaction 
of the circuit with the patient on the generator 


ases of loading occurring in practice (smallest 
mpedance in parallel with LpCp) the correct 
atching is obtained, while with larger parallel 
pedance the coupling is actually too loose to 
nake the generator deliver the maximum out- 


that case at lower outputs no unnecessary losses 
occur in the apparatus. This method has been — 
applied in the larger of the two generators here 
described, and the regulation is made by varying | 
the primary voltage of the supply transformer. 
In this way it is of course impossible totake _ 
the heating current of the valves simply from 
an extra secondary winding of the supply 
transformer, and a separate heating current 
transformer must be used. Against this disadvan- 
tage, however, is the fact that the regulation 
at the primary side makes possible a simple 
measurement of the effective output. 
We shall explain this briefly. 

For the correct adjustment of the output 
sometimes the only criterion which is used is 
that the patient feels a ‘pleasant warmth”. It 
is obvious that this is not a very reliable method, | 
if only because in many cases (for instance frost 
bite and various neurological disorders) the — 
sensitivity to heat is disturbed at the spot to 
be treated. It is impossible to include a direct- 
reading instrument in the circuit with the pa- jam 
tient, since no wattmeter suitable for these 
high frequencies exists. A useful method of 
determining the high-frequency output consists 
in substituting for the patient airelectric lamy 
of about the same resistance, allowing the light 
flux obtained to fall upon a luxmeter, and afte: 
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rent or low-frequency alternating current with 
wattmeter connected in series 5). This method 
is indeed applied for control in the factory, but 
it is, too elaborate for use by the doctor. 

In this method of regulating the output 
d variation of the primary supply voltage with 
__+—unvarying grid resistance and heating current, 
q the ratio between the “DC voltage” (actually: 
_ low-frequency DC voltage) and the high-fre- 


’ quency AC voltage remains unaltered, i.e. the 
modulation of the generator valve always re- 
mains the same. By this means and by means 


of measures for the limitation of losses, which 
_ will be briefly discussed below, it is possible 
to obtain a practically constant effi- 
ciency of the generator for all values of the 
% output chosen. This means that the ratio be- 
/ tween the power supplied to the patient and 
the power taken up from the mains is constant, 
and we may therefore determine the former 
simply by measuring the latter, which may be 
done with a normal wattmeter preceding the 
supply transformer. 


_ Several particulars of the construction 


The apparatus 11952 contains two triodes 
’ type TB 2/200, which type has a permissible 
dissipation of 130 W, and at 6 m wavelength 
in the connections described it can develop a 
high-frequency output of 200 W®). In the smaller 
apparatus 11951 four small triodes (type no. 
29 933) are used and connected two by two in 
parallel. — 
BE With full load the valves of the apparatus 
-_-:11 952 operate with an efficiency of 200/(200+130) 
 & 60 percent. The total efficiency of the 
apparatus is of course lower, due to all kinds 
-__ of losses. These losses are partially proportional 
to the power supplied to the patient and par- 
tially depend upon still other factors. The latter, 
among which are losses by radiation, were limi- 
ted as far as possible in order to ensure the 
proportionality required for the measurement 
of the output described between the power 
- supplied to the patient and the power taken 
- from the mains. The remaining deviations from 
this proportionality cause in the most unfavour- 
vble case a measuring error of + 15 percent, 
which for medical application already consti- 
tutes a very satisfactory accuracy compared 


. also Philips Techn. Rev. 6, 215, 1941. 
Jee the article referred to in footnote 1). 
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for the sake of economical operation. Such losses 
occur for example at the grids in the cir- 
cuit represented in fig. 5a. When the anode 
of one valve is positive the oscillations excited 
by that valve act also on the grid of the other 
valve, due to back-coupling and induction in 
the grid coil. While of course the anode of the 
latter valve is negative at that moment, grid 
current can, nevertheless, flow in the positive 
peaks of the grid voltage, and this grid current 
results in an increased grid dis ipation. It has 
been found possible to decrease this effect 
considerably by modifying the connections 
slightly, see fig. 7. Each of the two grids is 
connected with a tap on its “own” half of 
the supply winding S,, which tap is so chosen 
that in the period of negative anode voltage 
the grid receives a sufficiently large negative 
bias to prevent grid currents due to the induced 
high-frequency voltage. Since the grids of the 
two valves must be at different low-frequency 
voltages, the grid coil Lg is now interrupted 
by a condenser, just as was previously done 
with the anode coil Lg. In the period of positive 
anode voltage the extra grid bias now becomes sek 
positive. In order to prevent the flow of very ee 
large grid currents due to this cause, which | 
would again neutralize the desired effect, the 

grid resistances R’g, R'’g are increased so much 

that the grid current takes on a normal relation — 
to the anode current. In this way it has been _ rs 
found possible to obtain an average total effi- 


ciency of the apparatus of 45 percent. Eas : 

The various details mentioned here can be jays 
recognized in the photograph of fig. 8. The 
construction of the coupling condenser between Bc 
the two halves of the anode coil is striking. os 


This condenser is at the full voltage of the Res 
supply winding (several thousand volts) and 
carries the high-frequency current of the anode 
circuit (order of magnitude 10 A). It is therefore 
made of a special ceramic material which com- 
bines low high-frequency losses with high vol- 
tage loadability. 


> wx 

eae 

41441 her 
Fig. 7. In order to limit the grid dissipation, the grid ye a 
resistances R’, and R’’,, for each of the valves infig. 
5a are connected with a certain tap on the corres- Pah 
ponding half of the winding of the supply trams- 
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Practical application of the apparatus 

Since the apparatus consume only relatively 
little current — the larger apparatus a maximum 
of 4.5 A at 220 V —, they may be connected 
to any ordinary wall contact which is protected 
by 6 A fuses. The necessary manipulations are 
limited to the application, of the electrodes to 
the patient, the tuning of the circuit with the 
patient on the wavelength of the generator 
and the adjustment of the desired output. The 


Fig. 8. Part of the inside of the generator 11 952. 
Above the two valves are placed the two halves of 
the anode coil; partly between and partly above these 
coils is the coil of the circuit with the patient. It may 
be seen that the coupling is only very loose. Behind 
the coils hangs the coupling condenser of the anode 
coil, constructed of special ceramic material. Between 
the valves may be seen the grid coil, which is also 
divided into two halves, and behind it the correspon- 
ding coupling condenser. 


tuning is easily performed by means of a rotating 
condenser with fine regulation (in fig. 3 the 
tooth-edged disc at the front of the apparatus) 
and in the case of the apparatus 11952 it is 
‘controlled in a simple way due to the fact that 
the wattmeter for the measurement of the 
power delivered gives a maximum deflection 
at the correct tuning. For control of the tuning 
a gas-discharge tube can also be used. The tube 


is placed in the vicinity of the patient or the 


_ electrodes and gives the most intense illumina- 
tion at the correct tuning. 
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As to the application of the electrodes, it 
need only be noted that the doctor in charge 
must have some insight into the expected course 
of the lines of force between the electrodes. 


a) b) c) 
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Fig. 9. By giving the electrodes a suitable form and 
placing them in a suitable position the desired locali- 
zation of the heat development in the body can be 
realized. a) Uniform heating of an extensive region 
with two plate electrodes. 6) Concentration of the 
heat development in a small region (furuncle) with a 
small plate electrode. c) So-called electro-surgery: by 
connecting the knife which makes the incision in an 
operation to one pole of the short-wave apparatus, 
while the other electrode is placed arbitrarily, such 
a strong concentration of lines of force occurs at the 
point where the incision is made that the blood at 
that point immediately coagulates from the heat 
(bloodless operation). The cutting itself, 7.e. the se- 
vering of the tissue, also takes place much more 
easily. 


By a correct choice of shape, size, position and 
distance from the skin he can then cause the 
heat to be developed as nearly as possible in 
the desired spots. The diagrams in fig. 9 a-c 
and fig. 10 give a few examples, while the photo- 
graph of fig. 3 shows how the electrodes are 
fastened to the generator and how in a given 
case the arrangements can be made. A more 
detailed discussion of the various forms of 
electrodes in use and of the methods of treat- 


‘ment, however, falls outside the scope of this 


article. 


Fig. 10. In order to heat an arm or a leg uniformly, 
the member in question is not placed between two 
electrodes, but a coil 
poles is wound around it (method of Kowar schi k). 


connected with the two 


aw 


— 
1) Philips techn. Rev. 6, 342, 1941. 
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VIBRATION OF CONTACT SPRINGS 


THE VIBRATION OF CONTACT SPRINGS 


by J. A. HARINGX. 


621.3.066.6 


For the satisfactory operation of relay contacts it is found that it is important 
that the closing of the relay should take place very gradually, because other- 
wise the contact shows a tendency to rebound repeatedly before it remains 
definitely closed. The occurrence or absence of an impulse is found to depend 
upon the resonance frequency of the contact spring. In this article the resonance 
frequencies are calculated which must be chosen in order to obtain a velocity 
of closing equal to zero. It is furthermore shown that with only a slight devia- 
tion from these resonance frequencies the velocity of closing will increase 


appreciably. 


In different kinds of electrical apparatus, 
such as for example the electric bell, relay 
contacts are used which are opened and closed 
periodically at a fairly high frequency. For the 
sarisfactory functioning of the mechanism it is 
very important that the opening and closing 
should occur exactly at the moments fixed for 
the structure in question, and, moreover, not 
only when the apparatus is new, but also after 
long use. 

One of the phenomena which must be con- 
sidered is the elastic vibration of the contact 
springs. In particular, it may sometimes be 
observed that after each mutual contact be- 
tween the two parts of the contact, the spring 
continues to vibrate so that the electrical con- 
nection is broken several times before it is 
finally made. Since a spark occurs upon each 
interruption of the current circuit, it is obvious 
that such a vibrating contact burns through 
much more rapidly than a contact which is 
only.broken once per period. Moreover, disturb- 
ing high-frequency phenomena occur as a re- 
sult of these sparks. ‘ 

The problem of the vibration of contact 
springs has already been discussed in this 
periodical in connection with a vibrator for the 
conversion of direct current into alternating 
current 1). In that case the striking together 
of the two parts of the contact was compared 
with the collision between two billiard balls, in 
which casé it may also be observed that the 
contact which occurs is immediately broken 
again under the influence of the elastic forces. 
Under special circumstances, however, the con- 


tact between the moving ball and the stationary 


ball is maintained. This case may occur when 


a third ball is present touching the stationary 


ball. The impulse of the moving ball can then 
be transmitted through the stationary ball to 
the third ball, so that the latter rolls away 
while the first two balls remain in contact. 
In the article referred to above a description 
is given of the method by which this principle 


of the third billiard ball can be usefully em- 


eee 


ployed in relay contacts. In this way the two 
colliding metal parts of the contact are made 
to remain in contact without vibration, while 
the impulse is transmitted to the third mass, 
which is elastically attached. This latter mass 
can be knocked away without, however, any 
harmful results, since the broken contact be- 
tween the second and third parts of the contact 
does not constitute part of the circuit. 

Since this method of combating vibration 
in contacts is quite complicated, it seemed to 
us important to find out whether it was not 
possible to avoid the necessity of such measures. 
By a suitable choice of the characteristic fre- 
quency of the vibrating contact spring it has 
been found possible to cause the two parts of 
the contact to come together very gradually, 
so that no shock at all occurs. Special measures 
of dissipating the impulse of the collision thus 
become superfluous. 


Mathematical formulation of the problem 


The relay contact can be represented by a 
point of mass J at the end of a spring (see fig. 1). 


3 
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Fig. 1. Principle and mechanical model of a spring 
contact. 


The other end (2) of this spring makes a sinus- 
oidal motion according to the formula 


e, ea i. js: 0 wel Rely pene 


y = 40C08 ot 


The mass point 7 will then also execute a sinus- 
oidal motion, provided the amplitude A of this 
motion remains smaller than the distance } 
between the stop 3 and the position of rest. 
If m is the mass of the vibrating part of the 
contact and c the stiffness of the spring, 7.e. 
the force per unit of elongation, the following 
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is the differential equation of this motion: 
da 
m aq = 6 Y—2) 
or if we substitute for y the value according to (1) 
d?a C 


Cc 
ae —x=— acos at. 
dt? m m 


The general solution of this is 


z= Acosat + Bcos wt, + Csinawt,... (2) 
where the characteristic frequency w) = /c/m 

a 
Be re oN faegscaxegin, Ue cleaeaaedee 3 
? and A tater? (3) 
The term Acoswt represents the forced 


vibration of the mass point, while the other 
two terms of equation (2) describe the free 
vibration of the mass point. Let us now examine 
what happens when the deflection of the mass 
point is limited by the stop 3. In a certain 
part of the period the mass point will then have 
the deflection —b and will lie against the stop 
_ with a certain pressure. The motion of the mass 
point will only begin again when the pressure 
ceases to exist, in other words when the com- 
“oa. pressed spring has just recovered its original 
length. Then evidently y = —b, so that for the 
- moment ¢, of the beginning of the motion we 
may write 


COR, bg. SDF Tmt eine o OP 


(4) 
The motion of the mass point must therefore 
be such that at the moment t = t,, there is a 
ee deflection —b and the velocity is zero. These 
_ conditions are sufficient to calculate B and OC, 
so that the mechanical problem is hereby solved 
in principle. 

A possible solution is reproduced in fig. 2. 
The motion of point 2 may be seen and the 
forced vibration of point 7, as well as the free 
vibration which must be added to fulfil the 


_ initial conditions. At the same time the resultant 
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2. Possible motion of the end of a contact spring 
ose other end moves sinusoidally according to the 
en-line curve. The curves J, II, III indicate 
ectively the forced vibration, the free vibration 
the resultant motion. 
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the moment at which the movement begins; ¢ 
the moment at which the contact is again closed. 
It may be seen that the velocity of the motion 


Fig. 3. Motion of the end of a contact spring whose 
resonance frequency is so chosen that the closing 
velocity is zero. 


(slope of the curve) at the moment of closing 
has a very discontinuous character, which means 
that a strong impulse will occur upon closing. 
Our object of procuring a gradual coming 
together of the parts of the contact is thus not 
realized in this case. | 

In order to obtain improvement it is now — 
sufficient merely to choose the characteristic 
frequency of the contact spring somewhat lower, 
so that the diagram of fig. 3 is obtained. The 
forced vibration and the free vibration of the 
mass point are now both symmetrical with res- 
pect to the dot-dash line, which represents the _ 
moment ¢ = 0. The resultant motion of the — 
mass point is thus also symmetrical with respect 
to this line, and since the motion begins with 
a velocity zero, it will also end with a velocity — 
zero, so that the desired impulse-free contact is 
obtained. } ‘5 

The symmetry condition can be formulated | 
mathematically by saying that the free vibra- — 
tion is a pure cosine function; the term C sin Wot a, 
in equation (2) must therefore dissappear?). 
Since C depends also upon @p, by a suitable * 
choice of the resonance frequency of the spring — 4 
provision can be made to satisfy this condition. — 


; 
; 
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Caleulation of the desired resonance frequency x 
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As we have seen, the constants B and C of | 
the motion of the contact piece given in equation _ 
(2) are determined by the conditions that for — 
t = t, there should be a deflection « = . : a 
and a velocity da/dt = 0. Thus in formula 


A cos wt, + B cos wot, + C sin wf, = - 
—Ao sin wt;—Boy sin wot, + Co cos woh = 


*) . Actually it has only been proved that the disar 
pearance of the term C sin wot is sufficient 
for securing a closing velocity of zero. To complet 
the mathematical reasoning it should therefo1 
also be proved that impulse-free closing cann 
be secured in any other way, so that the con 

= 0 is actually necessary. We shal 
_however, go into that here. ae 


F 
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Fig. 4. The function tan x/x which is used to solve the transcendental equation 


= tan ka’ 


tan x 
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5.32; 6.78 ete. 


: 2 
2 : @ 

— Boos wot, + Csin ot = ae Be Acos wt, 
ids 0° 0 


eS (5) 


a) 
— Asin wt,. 


Bsin Oot + Ceos wot, = 
Mo 


ow, in Peecunent ich the condition for im- 
se-free closing, we make the condition that 
ne we may divide the two equations (5) 


Wo 5 

tan eee = ee ot, BS Aor a omen (6) 
= to draw practical conclusions from 
quation we shall pass over to new variables 
are adapted to the form of the technical 
The function of the mechanism usually 
that the contact shall be open during 
part of the period lying between 50 
ercent. If we let this fraction equal 
pene to fig. 30 

se ate = —n0. 

over, we set t onl equal to 4 (6) may 


for k. From the figure it may, for example, be deduced that #/xz = 2/, corres- 
ponds to kx/nm = 1.57; 2.59; 3.54; 4.52; etc., and therefore to k = 2.35; 3.88; 


Tolerances for the resonance frequency — 


discussed for obtaining a closing velocity of the ta 


4 


and we obtain in this way a relation with whose ae 
help & can easily be determined for every pre- oe 
scribed value of a. To do this it is only necessary 
to draw the function tan w/z and to find the Sa 
values of w for which the ordinate is equal to om 
tan mar/zc ( (see fig. 4). 2 ian 

If a is chosen equal to 0.5, which means_ z 
that the relay i is open for one half of the period, — 
tan za/xa is infinitely large, and the same must _ 
be true of tan kva/kaa. From this for k all the | vif 
odd numbers eae 

Tees 
@ 


=O 35 Deals ts wees 


In the limiting case where «@ = 1, thus for aa 
relay which is open during the whole period, wa 
tan za/xa = 0. The tangent of kaa (with A sah 
follows that 


Hoateea bal ate i 
Thus if @ is allowed to increase continuo 


the contact is closed with no impulse. | 


For the practical application of the method By 


og 
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contact equal to zero it is not only important 
to know the suitable resonance frequency of the 
contact spring, but at the same time one must 
know how accurately this frequency must be 
adjusted in order to obtain the desired effect. 
If we consider as example the case where a 
— 0.5, we see that the forced vibration A cos at 
has the maximum velocity just at the mo- 
ments #, and f, at which the contact opens or 
closes. For the free vibration B cos wot, in the 
case of a closing velocity of zero, the same is 
true, since w, is an odd multiple of w. The 
coefficient B has a value such that the velocities 
of the forced vibration and of the free vibration 
compensate each other exactly for t, and {. 
If w, is now allowed to vary, the two velocities 
will continue to compensate each other for the 
initial moment ¢, of the motion, but for the 
moment ¢, this is in general no longer the case. 
If for example wy is an even multiple of , 
the two velocities will reinforce each other as 
much as possible, so that the resultant velocity 
is twice as great as that of the forced vibration 
alone. If the resulting closing velocity v is drawn 
as a function of w,/m, a wavelike curve is there- 
fore obtained which has maxima for all the 
odd whole numbers. The minima are zero, while 
the maximum velocity is twice as high as that 
of the forced vibration alone. The curve derived 
qualitatively in this way is reproduced in fig. 6. 
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Fig. 5. The behaviour of w/o = k as a function of 


Ge for the case of impulse-free closing. 
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The horizontal line at the height 1 indicates 
the amplitude of the velocity of the fixed end 
of the spring. Thus there can only be a question 
of a decrease in the closing velocity compared 
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Fig. 6. Closing velocity v as a function of a for 


a = 1/,. The ratio of the closing velocity to the velocity 
which would hold for a rigid connection instead of a 
spring is plotted as ordinate. 


with the velocity of the driving motion at those 
values of k for which the wave curve lies below 
this horizontal line. As may be seen, this is the 
case only in sufficiently close proximity to the 
odd whole numbers; the maximum difference 
which may be permitted amounts to about 
Ak = + 0.5. 

If the condition is made that the decrease 
in the closing velocity should amount at least 
to a factor 5, the-permissible deviation Ak is 
reduced to 0.2. This means that the adjustment 
to the correct resonance frequency is quite 
critical, since with the relay constructions in — 
practical use values of k lying in the neighbour- 
hood of 7 or 9 are quickly reached. The per- 
missible deviation would then amount to only 
about 3 percent. : 

In the foregoing we have been assuming 
that the fixed end of the spring executes a 
fixed motion. Usually, however, this motion . 
itself is again a free vibration of a mass M 
attached to some kind of elastic system. A 
closer consideration of the more complicated 
case of a coupled vibrating system shows that. 
in general wm must be set equal to the character- 
istic vibration of the main mass WM, while w) — 
can be calculated with the help of the stiffness — 
of the whole elastic system, considering the 
mass M as stationary. 

When the desired resonance frequency of the _ 
relay spring has been found there remains the 
practical problem of the method of adjusting 
the resonance frequency accurately. We shall os 
not go into that at this point, since in every 
case it depends upon the special construction. 
It may only be stated that in the construction _ 
of the vibrator for the conversion of direct cur- 
rent into alternating current mentioned at the 
beginning of this article, tke correct setting — 
of the contact spring was actually found to. 
produce the desired result. eas 
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1570: KE. J. W. Verwey: The electrical 
double layer of oxidic substances espe- 
cially in non-aqueous media (Rec. trav. 
chim. Pays Bas 60, 625-633, July-August 
1941). 


, The electrical double layer on the surface of 
particles of oxides is studied : 1) by the exami- 
nation of suspensions of these substances in 
water, alcohols, acetone or solutions of electro- 
lytes in these liquids and 2) by electro-endos- 
mosis through membranes in these liquids. 
The double layer is caused by ions originating 
from the materials examined. The ions of hy- 
drogen and of the hydroxyl group determine 
the potential. The zero point of the charge is 
very closely related to the size of the particles. 
Just as in the case of silver iodide, large particles 
have a stronger negative charge than small 
particles. 
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1571: J.A.M. van Liempt: Eine einfache 
Methode zur Bestimmung der Diffus- 
= ionskonstante von Metallen. (A simple 
method of determining the diffusion 
constants of metals) (Rec. trav. chim. 
Pays Bas 60, 634—639, July-August 
1941). : 


A simple method is developed for determining 
the diffusion constant in metals. A thin wire 
or strip of one metal is embedded in a piece 
of a second less precious metal by metal-ceramic 
: means. The duration and temperature of the 
heating are determined at which the diffusion 
has progressed so far that the limit of resistance 
is just reached over the whole section of the 
wire or strip. 


J.L. Snoek: Concerning the internal 

aie damping of ferromagnetic substances. 

ee (Ned. T. Natuurk. 8, 177-189. April 
ee 1941). 


1572: 


Internal damping phenomena in iron and 
other ferro-magnetic materials are discussed. 
The damping of torsional vibrations in iron and 
lickel wires is almost exclusively due to ferro- 
magnetic hysteresis; external changes in the 
- magnetisation, however, are not observed. The 
Lt ares a 


hysteresis damping appeavs to be proportional 
to the amplitude of the vibration. In longitudi- 
nally vibrating ferro-magnetic rods considerable 
changes in the induction can be observed when 
the magnetostriction is great, the material is 
properly annealed and an external magnetic 
field of a suitable strength is applied. When, 
moreover, the frequency is so chosen that the 
eddy current losses in the rod are the maximum, 
exceptionally large values are obtained for the 
logarithmic decrement, as observed -experimen- 
tally. In iron and iron alloys containing small 
quantities of carbon or nitrogen damping pheno- 
mena of a certain kind are observed. This is 
purely an after-effect and shows no hysteresis. 
The great temperature-dependency observed 
leads one to suppose that diffusion of carbon 
or nitrogen through the iron lattice plays a 
part. In cold-treated samples after-effect pheno- 
mena are found in another temperature range. 
This is complementary to what is observed with 
well annealed specimens. 

1573: Balth. van-der Pol: Two little 
known experiments. (Ned. T. Natuurk. 
8, 390-393, September 1941). 


At a meeting of the Netherlands Physical 
Society at Eindhoven some striking, subjective 
colour phenomena were demonstrated with a 
Benham optical disc, such phenomena occur- 
ring in spite of the fact that the disc consists 
only of black and white parts. These colour phe- 
nomena also occur when monochromatic yellow 
sodium light is used. Further, a demonstration 
was given with two constructions of a hot air 
engine inits most primitive form (Griffiths’ 
experiment). 


1574: 


’ 


M. J. Druyvesteyn and- J. 
Meyering: An approximate calcu-— 
lation of the thermal expansion of solids 
I (Physica 8, 851-861, September 1941). 


The expansion coefficient for a solid body is 
practically equal to the third differential quo- 
tient of the lattice energy in length. For the 
alkali metal an expansion coefficient is calcula- 
ted which agrees very well with the experimental 
values. 


